JOURNAL: 


OF THE 


FRANKLIN INSTITUTE 


OF THE STATE OF PENNSYLVANIA, 


FOR THE PROMOTION OF THE MECHANIC ARTS. 


VoL. CXXXI. APRIL, 1891. No. 4 


THE Franklin Institute is not responsible for the state- 
ments and opinions advanced by contributors to the journal. 


THE PROGRESS or CHEMICAL THEORY: Irs HELPS 
AND HINDRANCES. 


By Dr. PEeRSIFOR FRAZER, Prof. of Chemistry. 


{ /ntroductory lecture to the chemical course deitvered before the Franklin 
Institute, November 21, 1890.) 


It is the ordinary reproach to science of the ignorant 
and disingenuous, that its conclusions at any given period 
are no more stable than the wildest speculations of the 
fanatic and dreamer. 

We read continually in the papers some arrant nonsense 
said to have been pronounced by “one of the eminent 
scientists” of such-and-such a place and time, which the 
course of events has disproved; and the public is left to the 
conclusion that the gains of science are only air castles cer- 
tain to dissolve when they become unpopular, and certain 
to lose popularity when the first pleasurable effect of the 
announcement has passed away. The following extract, 
from the St. Louts Republic, will furnish a case in point: 

Vor. CXXXI. 16 
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“It has only been sixty years since a great mathemati. 
cian demonstrated that a steamship could never cross the 
Atlantic because it would be impossible for her to carry 
enough fuel to last during the trip. Before he had hardly 
deduced his calculations a steamer from America glided 
into port.” 

The name of the eminent scientist is not mentioned, and 
it is safe to conclude that if any man made such an observa- 
tion he either would have failed of recognition by the class 
to which he is said to have belonged, or he was false to the 
fundamental principles of inductive science. It is not the 
province of inductive science to establish what is impossi- 
ble, but what is in various degrees likely. Its premises 
are facts and its conclusions are probabilities; in many 
cases weak, but in others so strong that they produce the 
same effect upon the mind as certainties. Nor is it true 
that the gains of science are evanescent. Parallel with the 
accumulation of observations run the generalizations upon 
them. These generalizations are usually passed through 
the purgatory of hypothesis before they attain the bliss of 
theory, but no theory is old enough yet to have become 
more than a theory, though some have stood so many tests 
of their truth as to carry the conviction of axioms. 

In looking over the histories of the sciences one finds the 
same general course of progress. At the outset in the halcyon 
days of the old Greeks, itis likely that some wise words 
will be found to have been spoken concerning them all: 
words that astound us with the apparent insight they show 
into problems which it would seem that the last twenty-five 
centuries were needed to give. But the centuries were not 
all equally productive. There came across the path of 
every systematic study of the laws of nature, first the cul- 
tured blight of the Aristotelian philosophy, which assuming 
to know everything, in fact largely contented itself with 
verbal jugglery, whereas accumulation of facts was theonly 
road to knowledge; obliterating the forward steps that had 
been made, and substituting in their place the evolution of 
the universe and its laws from within. It wasa philosophy 
where the distinction between words and things was 
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obscured, and a natural fact was attained by means of a 
pretty syllogism.* 

Vastly worse were the centuries which followed, known 
as the middle ages. Centuries of ignorance, selfishness, 
and crime; when the possession of any knowledge but that 
of an armorer was looked upon with distrust and ascribed 
to the devil. 

The different natural sciences emerged from this bar- 
baric condition one to three centuries ago, and under the 
liberty of enlightenment, with the stimulus of more general 
education ; have attained an abode in the life of the race 
from which it is difficult to see how they can be displaced 
without such a general cateclysm as would nearly destroy 
the human race itself. 

Amongst these sciences, that of chemistry has had such 
a marvellous career that it is, perhaps, the best example 
which could be selected of the progress just alluded to. It 
illustrates aptly not only the methods employed in building 
up an inductive science, but the things that have helped 
and those that have hindered a development which, never- 
theless, in spite of all hindrances, must fill us with a sense 
of wonder. 

Our reason for this is that from various causes the real 
growth of chemistry only began in the seventeenth century, 
and that even then it lost nearly a hundred years in the quag- 
mires of a false hypothesis which not only directed the efforts 
of chemists into unfruitful fields, but destroyed the value of 
the conclusions they reached from their work. Yet, even 
with all these drawbacks, no domain of human investiga- 
tion has been widened so rapidly and with such advantage 
to the world. 

At the very outset of the subject we find a generalization 
of old Democritus (who lived 450 B.C.) so astounding in its 
character and so accurate in most of its statements that 
only in the past few years havechemists been able to reach 
these profound thoughts thrown across the ages into the 


* It is intended to refer here to the exposition of the Aristotelian philoso- 
phy, by its disciples from about the time of the Christian era to the eighteenth 
century, and not to disparage the marvellous genius of Aristotle. 
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midst of the civilization of our time, as the legend has it 
that Bruce’s heart wasthrown bythe Douglas into the hosts 
of the Saracens to stimulate the ardor of the Christian 
Knights to charge and recover it. But, unfortunately, no 
such effect was produced by the good old laughing philo- 
sopher; though at a snail's pace, and after a lapse of 2,300 
years we have reached the spot. Briefly, as transmitted to 
Epicurus, and expanded by Lucretius B.C., 99-55, it was 
this.* 

The universe consists of atoms and space. The atoms 
are of many forms and of different weights, and the number 
of ‘atoms of each form infinite. Change is only the combi- 
nation and separation of atoms! Atoms are in constant 
motion. “First beginnings” or atoms are never destroyed 
or worh out. The difference between a hard body like iron, 
and a soft body like air, is that in the first the atoms move 
to and fro within small distances; in the soft body they 
move freely or rebound from each other only at long 
intervals. 

Bodies are partly “first beginnings,” partly unions of 
“first beginnings.” The properties of the bodies formed of 
the groupings of “first beginnings” need not be like the 
properties of the “ first beginnings” themselves. “It matters 
much with what others and in what positions the first 
beginnings of things are held in union and what motions 
they do mutually impart and receive.” 

These views are extraordinary, and, with the exception 
of the difference in the form of atoms, which is a point 
beyond what we have been able to reach even now, the 
above contains a very fair statement of the atomic theory 
which is held by the most advanced chemists to-day. 

How Democritus could have reached such conclusions is 
a mystery, but his annunciation of these recondite truths 
very well illustrates the fact that an hypothesis, be it never 
so beautiful and even true, if unaccompanied by facts to 
support it in no way helps the progress of natural science. 
Like every other guess it indicates merely the frame of 


* Democrit-Aderite operum fragmenta, 
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mind of the man making it. It is like a floating shadow on 
the sea of time. Perhapsit defines substance, perhaps only 
a cloud of fancy. 

This seed thrown off by Democritus found no soil of facts 
on which to grow, from his time until late in the present 
century, although Gassendi, Canon and Provost at Digue, 
in France, after ages of ignorance, proposed it again, but 
without proof; and itis thought to have influenced the 
minds of Newton and Boyle. 

This then is one example of an occurrence in the history 
of the science which to all appearance neither helped nor 
obstructed its progress unless in the indirect way of teach- 
ing men’s minds to grasp large and comprehensive thoughts. 
All could not have been ignorance and degradation in 
Abdera (Thrace), or Miletus, or Athens, where a language 
existed capable of conveying from mind to mind thoughts 
like these, and where a mind was capable of conceiving 
such thoughts. 

It teaches the student of natural history a lesson in 
addition to that of the old traveller's speculations, and it 
may serve to illustrate the difference which the late 
Prof. Clifford of Cambridge pointed out between accept- 
ing those conclusions of natural science which one has 
been taught, but has not personally investigated, and 
accepting what is said to have been revealed, but 
which, it is acknowledged, is not susceptible of any 
proof. In the one case the way is open to any one 
to pursue any single direction which has been before taken ; 
measuring and judging of the correctness of the steps of 
one’s predecessor; but in the other case there is no path 
anywhere, and the correctness of the position assumed can- 
not be judged. It is the difference between, on the one hand, 
handing the keys of a hundred trunks to a custom house 
inspector, who has at best time to examine but one or two, 
asking him to satisfy himself of the accuracy of your 
description; and, on the other, telling him that something 
indescribable ought to convince him more thoroughly of the 
contents of the trunks which he cannot inspect, than of 
those which he can. Speaking generally it may be said that 
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a proposition of which the steps which led to its acceptance 
cannot be indicated and followed, has no place at all in the 
domain of science, though it may be true. 

Such propositions were those of Democritus above given 
and it is quite just that in the absence of logical proof they 
should have been excluded from the realm of science, and 
that to him who first showed reason for believing them 
should be accorded the honor of their discovery. 

Of much less importance is the next hypothesis of the 
nature of things which we find annunciated by Aristotle in 
his quadrilateral of states: solid, fluid, dry (or warm), and 
moist (or cold), or what he supposed to be the elements of 
all bodies, viz: earth, air, fire and water. It was unfortunate, 
and yet in accordance with the usual march of events that 
this utterly inadequate and narrow guess should have 
fettered men’s minds for 2,000 years, owing to the mighty 
hold which Aristotle took of all nations.* 

As his historian remarks, Aristotle’s works had a pro- 
digious influence in Asia, and Europe, and Africa; among 
the Persians, Arabs and in Germany where part of his 
ethics were read in the churches on Sunday instead of the 
Bible. In the middle ages, too, thes: elements of Aristotle 
were imbued with a mysticism more than Platonian. 

It was the’ spirit of that middle aye when the ignorant 
classes being the powers, made patient scientific work diffi- 
cult and dangerous, that learning was :oncealed under the 
mask of paradox and cryptcgram as if it were a crime. 
Whatever Aristotle’s view of his elements may have been, 
it took a new direction, beginning with seber in the eighth 
century. 

The first chemists were alchemists who sought the trans- 
mutation of base metals into gold; the philosopher’s stone ; 
and the elixir of life. These were represented by Geber 
(an Arabian alchemist of 760), Albert von Bollstadt (1193- 
1280), Roger Bacon (1214-1294), Raymond Lull (1235-1315), 
Arnald de Villanova, Caletonia (1235-1314), etc. Those who 
examined physical problems retained the Aristotelian view, 


* See Aristotle, A chapter from the history of science, Lewes. 
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while the alchemists took more or less modified forms of 
Geber’s doctrine, that the metals were composed of mercury 
and sulphur. As an instance of the confusion which 
reigned in the ideas of this time, some believed that these 
constituents of metals were rea] sulphur and real mercury, 
while others believed that qualities were intended by these 
terms. Geber ascribed to the sulphur the property of 
giving different colors to the metals. 

At the end of the fifteenth century the alchemists had 
added salt to mercury and sulphur. Many regarded the 
Aristotelian elements as the ultimate; and mercury, sul- 
phur and salt as the intermediate or proximate elements, as, 
for example, Basil Valentine, who extended the number of 
substances of which these were the ultimate elements, from 
metals to all known matter, but denied that they were the 
common substances which we know under their names. 

In the early part of the sixteenth century the failure to 
find the philosopher's stone led to the decadence of alchem- 
istical or transmutation chemistry, and the rise of iatro- 
chemistry or that of healing. Paracelsus (1493-1541) taught 
that in a burning body the sulphur quality represented the 
inflammability, the mercury the sublimation, and the salt 
the ashes. 

From this to the end of the seventeenth century disputes 
as to tenets were numerous, but no real progress was made, 
Agricola (1490-1555) attacked Paracelsus and fell back upon 
Aristotle. Libavius wrote the first treatise on chemistry 
(1595). Van Helmont (1577-1644) denied all Paracelsus’ 
views and sought an universal solvent, which should be a 
panacea. He first recognized the existence of gases and 
quantitative relations, and opposed Aristotle's doctrines that 
fire was a body or earth an element: but believed water and 
air were such. 

Glauber (1603-1668) though possessing variable views, 
invented better means for separating bodies. Sumert 
(1572-1637); Willis (1621-1675); Lemery (1645-1715) believed 
in five first principles—mercury (spirit), sulphur (oil), salt, 
water (phlegma)and earth. Lemery taught that these were 
in rapid motion, and thus gave rise to the obvious proper- 
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ties of things. He explained the well-known phenomenon 
of the calxes of the metals weighing more than the metals 
themselves, by supposing that in burning they absorbed 
fire material. 

The real philosophy of chemistry commences with 
Robert Boyle (1622-1691), who denied the accuracy of th« 
doctrines both of Aristotle, and the later alchemical and 
iatro-improvements upon them. He believed that heat had 
not the power to transform complex substances into thei: 
constituents, but on the contrary,sometimes produced com. 
plex out of simple substances, and sometimes was without 
effect. Other agencies than heat could produce the samc 
effects. He strongly denied that one could predict the 
number of simple substances as Aristotle and his suc. 
cessors had done. He thought it probable, however, ¢ha/ 
the so-called elements consisted of the same kind of matter, 
differing only in the size, form, etc., of their respective 
smallest parts.* 

It is well to pause for a moment here to consider these 
logical and scientific views of Boyle, not alone because 
they introduced for the first time a rational inductive sys. 
tem of chemistry, emancipated from the mysticism and 
superstition of the ancients, but also because they are 
typical of one of the greatest of helps to the progress of 
chemical theory, independent and fearless criticism. 

Except the brilliant guess that the so-called elements 
consisted of the same kind of matter, Boyle’s mission seems 
to have been to hew down the weeds and undergrowth 
which had impeded the march of the science; yet his 
services were invaluable, as without them no further 
progress could have been made. This fact illustrates also 
the injustice of the cry so popular in some cases when the 
fallacy of a proposition has been exposed: 

“What have you to set up in its place ?” 

Surely it cannot be required of him who discovers a flaw 
in a supposed explanation that he should be always ready 
with a sound explanation. The two characters of mind, 


* See Kopp’s Geschichte der Chemie. 
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which are required to accomplish these very different 
tasks, are entirely unlike. 

Plato and Aristotle probably regarded the lightning 
stroke as a natural phenomenon, and could have refuted the 
popular belief that it was the missile from Zeus’ hand, but 
it required dozens of centuries of observation before even 
the most remote approach to an explanation of the phe- 
nomenon could be given. 

As soon as the ground is cleared of rubbish, other and 
more rational theories have a chance to grow. Therefore, 
the iconoclast, if impelled by his sense of truth, and if con- 
siderate in his methods, is a necessary pioneer and axeman 
ahead of the great army of science. It is so much easier, 
however, to throw down than to build up, that the icono- 
clast business is often overdone by those who are incapable 
of any more skilled service to science, and who confound 
the art of attacking everything with the duty of overthrow- 
ing evil. All honor to Robert Boyle for calling a halt in the 
unbridled fancy of the chemists of his day and clearing the 
way fora newera! All honor to his deep insight into the 
workings of nature, that he announced independently what 
old Democritus had dimly foreshadowed 2,000 years before ; 
and what it was reserved for a great chemist now living to 
put in words and carry almost to the state of an accepted 
theory: yet to neither of them will belong the credit of 
demonstrating the unity of matter, but to some one, it would 
seem, who shall pass the speculative stage and offer proof. 
It looks as if this were not to be long delayed. 

Both by Boyle’s destructions and by his conceptions he 
aided the progress of chemical theory, as few have done since 
his time, and chemistry or the study of the most intimate 
relations of matter, as distinguished from alchemy, magic 
or the healing art may fairly be said to have started with 
Robert Boyle. 

Singularly enough the first sapling to spring up and 
occupy the new clearing made by Boyle was an error so 
gross that it seems to the youngest student of to-day gro- 
tesque in its clumsiness, and yet defended by some of the 
subtlest of sophists, it took 100 years to overthrow it. 
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And the most instructive part of its history is that it was 
finally overthrown by an argument which Boyle himself had 
employed; which had been employed by other sceptics, and 
explained away by the phlogistonists, and was ultimately and 
successfully refuted with the same experimental proof by a 
countryman of Boyle. It is often the case that an attack in 
front, over the very ground of numberless previous repulses 
is successful, and it was the case here as shall be briefly 
shown. 

Stahl (1660-1734) was a physician of independent views, 
. who adopted Becher's theory of combustion or the change- 
ability of bodies by heat. He believed that he had settled 
experimentally this question : 

“Is a common quality present in sulphur and carbon? or 
is one contained in the other ?” 

The generally accepted view at that time was diametri- 
cally opposite to that which Boyle held of combustion, and 
might be stated thus: Sulphur consists of oil of vitriol and 
some combustible body, which latter escapes in burning. 
Stahl combined oil of vitriol with an alkali and heating the 
combination with carbon obtained an alkaline sulphide 
similar to that produced by sulphur and an alkali. From 
this, sulphur (or vitriol) can be separated. 

Therefore, the combustible in carbon and sulphur was 
the same! 

Heating calxes of the metals with carbon, there resulted 
the metals. The metals were then composed of the calxes 
and this substance. Fats and oils produced the same effect 
with the calxes, and, hence, in them too was the same com- 
bustible substance. 

Stahl called this combustible “ Phlogiston.” 

This hypothesis was rapidly installed into the rights and 
dignity of a theory and rallied around it as such, some of 
the brightest and best minds for three generations. 

It was not only faulty in its conclusions, but inad- 
missible in its steps, and should have incurred the 
opposition of every intelligent man who understood the 
limitations of inductive philosophy: but it occupied the 
vacant space left bare by the labors of Boyle, and with a 
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growth as luxuriant as it was pernicious to the attainment 
of truth, obstructed in many ways all valuable advance of 
chemical theory, while it lasted. 

It may not be amiss before sketching its rise and over- 
throw, to point out here wherein its inherent fallacies should 
have condemned this hypothesis from the outset. 

Hypothesis means a guess—a temporary structure erected 
by the employment of the imagination strictly governed by 
experience, for the purpose of more rapidly reaching a 
generalization than by waiting for all the facts which in the 
end will be necessary to sustain a full-fledged theory. After 
one or two facts bearing on a subject are ascertained, it 
often happens that the mind is directed towards the possible 
existence of a law which would explain them both, but numer- 
ous unknown and untried experiments must result in a cer- 
tain way in order that this supposed explanation may stand. 

With time and a constantly increasing experience more 
and more such facts are ascertained. If all fall into their 
places the hypothesis grows stronger and stronger in proba- 
bility until by a large accummulation of such corroborations, 
the hypothesis passes the undefined line which separates it 
from theory, and-becomes a theory. 

This theory then goes on increasing in strength by each 
additional fact which is found conformable to it, until its 
convincing force is almost as great to the mind as one of 
the facts which are the bricks of its construction. 

But if during this period of probation of an hypothesis 
or of a theory a single fact is well authenticated which is 
inconsistent with it, the hypothesis or theory must be aban- 
doned. Of course, in the case of a theory which had been 
tried and proven hundreds of times and found to apply to 
newly-discovered facts, its abandonment would be held in 
abeyance until every effort had been n.ade to prove the 
authenticity of the fact and its inconsistency with the sup- 
posed explanation; but if these were unalterably confirmed 
the hypothesis or theory must fall. 

This constitutes the true principle of inductive philoso- 
phy, aud only by pursuing this path rigorously can its pro 
‘esses lead to any good result. 
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The obvious difficulty of the phlogistic theory was that 
the calx, which was considered the simple body was heaviec: 
than the metal which was supposed to be the bound 
and this circumstance was explained by supposing that 
the phlogiston which was absorbed from the fire when the 
calx was heated therein had the principle of “levity” as 
opposed to that of “gravity,” and that the more of it which 
was collected in a body the lighter became that body. 

Here was the unpardonable error of the phlogistonites 
in the defence of their theory. 

— be continued.) 


RIVETED JOINTS IN BOILER SHELLS. 
By Wnitsin BARNET LE VAN, 


[Read at the stated meeting of the institute, held November 10, 1890.\ 


The high steam pressure which boilers are now carrying 
render it desirable that the utmost care should be taken to 
unite the various plates of which they are composed in such 
a manner that the joints shall not only pessess great 
strength when constructed, but also that they shall be but 
little influenced by wear and tear. 

A riveted joint is, in a certain sense, an imperfect part 
of a structure. It cannot be so designed as to be strained 
uniformly throughout. It has always certain surfaces mate- 
rially weaker than the rest, at which, consequently, deteriora- 
tion of material, or fracture, by the action of the load, is 
liable to occur. These surfaces of weakness are so related 
that the increase of area of the one involves a diminution 
of area of the other. 

The joint, therefore, which will carry the greatest load 
before fracture will be that in which the stress reaches the 
breaking limit for each of those surfaces simultaneously. 
Since the rivet section can in general be increased only at 
the expense of the plate section in the strongest joint, the 
rivet and plate will reach their breaking strain simulta- 
neously under the same load. 

It would seem, therefore, that the proper proportions or 
respective areas of a riveted joint could be determined by 
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the ordinary rules of applied mechanics without the need of 
experiments. But that this is not so is probably due mainly 
to a second condition of imperfection in riveted joints. 
To apply the ordinary rules for the strength of materials to 
riveted joints it is necessary that the distribution of the 
stresses on the respective surfaces should be known. 

If those stresses were as uniformly distributed, as in an 
ordinary bar test for tension or shearing, the problem would 
be simple. But, in fact, the stresses are less uniformly 
distributed, and the law of their distribution is unknown. 
Consequently, the average stress on the surface of fracture 
of a riveted joint, when broken by a load, is less than it 
would be if the stress were uniformly distributed, and 
needs to be determined by special experiments. Further, it 
may be different for different forms of joint. This average 
stress, always less than the maximum stress which causes 
fracture, is here termed the apparent breaking stress. 
Hence, the chief object or experiment on riveted joints is to 
determine the apparent breaking stresses. 

(1) For the different surfaces at which each joint may 
fracture. 

(2) For the different forms of joints. 

In certain cases allowances may have to be made for 
progressive deterioration of a joint, by corrosion or other- 
wise, which reduces the strength in certain directions more 
than in others. No experiments showing the amount of 
deterioration in such cases appear to have been made. 

It is well known that the greatest strain upon plates of 
cylindrical boilers comes upon the horizontal joints, the 
pressure tending to burst the shell in the radial direction. 
The pressure of the steam upon the heads and the strain upon 
the transverse seams or joints is but one-half that tending 
to rupture the longitudinal joints. Besides this, the heads, 
in some cases, being dished are additionally strengthened 
(the extent of the dishing being equal to a radius of the 
diameter of the boiler shell), and in the case of flue boilers 
the heads are strengthened by the flues and tee-iron (7) gird- 
ers on the flat surfaces above the flues connected by rods gen- 
erally attached to the centre shell plate, but better still when 
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stuyed from head to head connected by turnbuckles, so jt 
will be seen that the weakest points are the longitudinal 
seams. 

In all boiler joints it is important that the rivet holes in 
the various plates and braces should coincide perfectly with 
each other, and that they should be completely filled by the 
rivets. If they do not all correspond accurately they should 
never be forced to do so by the use of a drift-pin. Rivets 
should be placed in those rivet holes which agree properly, 
and the remainder should then be reamed out until the 
holes coincide. 

The strong competition in boiler making, and the ruling 
low prices at which work is contracted for to be delivered, 
have caused great carelessness in this industry. In my 
experience as a boiler inspector, I have found boilers made 
by parties who stand high in the trade in which the plates 
were not punched to properly coincide: so little so that they 
formed eccentric openings to receive the rivets through 
which a drift-pin had been driven to allow the rivet to 
enter. The use of the drift-pin is a relic of barbarism; it 
not only overstrains the boiler plate, but inclines the hole 
so that the rivet will not be at right angles to the plate. 
The strength of such a rivet may be only twenty per cent. of 
that of a driven rivet in properly-punched plates. A drift 
pin should never be used. When rivet holes do not coincide 
they should be reamed until they do, and then rivets of 
proper size to fill them should be used. 

Commercially, boiler-plates cannot be drilled or punched 
with sufficient accuracy to coincide with one another, there- 
fore, all rivet holes should be punched (say) at least one- 
sixteenth of an inch less in diameter than the rivet's 
diameter after being driven, and when all the plates are 
brought well together in place, by temporary bolts, the 
holes should be reamed to final rivet diameter by a fluted 
reamer-—not the common half-round reamer in general use in 
a majority of boilershops. With rivet holes properly spaced, 
punched or drilled, and reamed as described above, with the 
outside and inside of the hole slightly countersunk by a de 
—not cut away—the value of the joint may be safely 
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trusted at sixty-five per cent. of the plate value for single 
and eighty per cent. for double-riveted joints. 

The fact that the greatest strength of any structure is 
only equal to that of its weakest part is equally true of 
steam boilers. 

I will, therefore, give my practice in securing the strongest 
practical joint. The proper proportion of the seams of 
boiler shells to obtain the greatest strength is the aim of all 
engineers. 

In the majority of boilers commercially made the rivet- 
section area exceeds that of the plate-section area as much 
as forty per cent. This should not be so. 

It is well known that the majority of plates used for boilers 
is weakened by the amount of material punched out, and that 
that which is left after punching is very much deteriorated, 
around the holes, if inferior plates are used, by the strain to 
which the metal has been subjected, on account of the large 
clearance allowed by a majority of boiler-makers between 
the diameter of the punch and that of the bolster or die. 

The effects of the strains to which plates are subjected, 
due to the large clearance allowed, as well as from the use of 
inferior boiler plates, can be seen by examining any ordinary 
punched plate rivet hole. The material always has a pecu- 
liar granular appearance, showing that the fibre has been 
destroyed; and by taking a piece of boiler plate which has 
been punched, planing it through the centre of the punched 
holes and rivets, and then polishing the section and applying 
dilute muriatic acid, the effect of the punch upon the fibres 
of the iron can distinctly be seen. 

In addition to holding boiler plates together, rivets have 
another function to perform, which is to keep the joints 
water- and steam-tight. Todo this they must be placed néar 
enough to each other to hold the plates together, thus pre- 
venting them from leaking between the rivets. Ifthe rivets 
do not fill the holes, there is also danger of their leaking 
around the heads. Now, a badly fitted or crooked rivet, 
obviously, will not hold the plates together so well as one 
which is perfectly straight and fits the holeaccurately. Any- 
one who has ever observed two plates which have been 
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punched rivet size (by this I mean the size the rivet becomes 
after being driven, the usual practice being to punch the 
holes one-sixteenth or 0°0625 of an inch greater in diameter 
than the diameter of the rivet to be used), and placed together, 
knows it is impossible to make the holes correspond with any 
degree of accuracy, and that they must either be strained 
into position by driving a drift-pin into the holes or else 
reamed out to get the rivet toenter. The manner in which 
rivets are practically fitted will be seen from the following, 
Figs. «1 and 2, made from pieces of old boilers, planed 
through the centre line of the rivets. 


° Fic. 1. 


From these sections impressions with ordinary printer's 
ink were transferred to blocks and engraved, therefore, 
they may be relied upon as entirely accurate. They are by 
no means examples of the worst specimens, as they were 
selected at random from old boilers. The engraver has 
endeavored to reproduce the appearance of the fibre of the 
iron caused by the punch passing through it. It will be 
seen that the metal for a space of from one to three-six- 
teenths of an inch around the hole has been “ fatigued,” or 
strained, so that apparently little of its strength is left. Of 
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course, where iro. is subjected to so great a strain, besides 
injuring its fibre, there is danger of cracking it and thus 
creating a flaw. It will also be seen that the holes do 
not correspond with each other, and that, therefore, some of 
the rivets are crooked and some do not fill the holes. 

It will also be seen by Figs. 7 and 2 that the rivets are 
fitted so badly into the holes that they would evidently 
resist very little shearing strain, which must be taken 
by the adjoining rivets. It is true that when plates are 
held together there will be considerable friction between 
them, bu. this friction may not act simultaneously with the 


FIG. 2. ss 


resistance to shearing, owing to irregularity of surfaces, so 
that the force acting upon the boiler plates might be 
resisted first by the rivets and then by the friction of the 
plates upon each other. The total strength of the plates is, 
of course, less, separately, than when taken together. Now, 
if the holes were fair and the rivets driven into the holes 
properly, the strain on the seam would be resisted equally 
by all of the rivets conjointly, instead of by a portion only, 
and also by the maximum friction of the plates. 

To get the best result, I have, in my practice, specified in 
VoLt, CXXXI. 17 
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boiler contracts that all rivet holes shall be punched th 
size of the rivet to be used and that when the plates are in 
their respective positions, held by temporary bolts, the holes 
shall be reamed one-sixteenth of an inch diameter with 
fluted reamer, after which the inside and outside of shel! 
piate shall be countersunk by a steel die (not cut away } 
a sharp-edged tool). 

By the above process the annular ring around the riv: 
hole, due to detrusion of the punch, is removed, the meta! 
which is left between the holes of the plate is uninjured, 
_and consequently is much stronger than would be the case 
if the holes had been punched or drilled fullrivet size. The 
countersinking of the rivet holes, as shown in Fig. 3, wil! 
be filled up by the rivets and thus add materially to th 
strength of the latter at their weakest point. 
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Fic. 3. 

By punching the holes of a smaller diameter than th 
driven rivet size, and afterwards reaming the same in plac 
the minimum reduction in area of the plate by punching wi! 
be attained, and consequently the maximum strength of th 
complete structure; and as the rivets will be much bette: 
fitted, they can be spaced farther apart, thus leaving mor 
metal in the plates, while at the same time the latter will b 
held together equally well. 

With the holes punched small and reamed to full rivet 
size, they will always conform exactly with each other, even 
with careless workmanship, so that the danger to which we 
are always liable with boilers whose rivet holes have been 
punched or drilled—that of having undue strain fall upon 
some of the rivets—will be obviated, and at the same time 
the metal left between the holes will have more strength 
than when punched or drilled in the usual way; the danger 
of leakage around the rivets will be obviated to a great 
extent and, therefore, they can also be spaced farther apart. 
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By increasing the diameter of the rivets, their transverse 
sectional area is increased much more rapidly than the 
longitudinal section of the holes they must fill, so that 
giving them sufficient strength does not involve taking 
away an equal sectional area of the plates. 

Besides the weakening of the plate by the strain to 
which it is subjected by careless punching, there is always 
a degree of uncertainty about the strength of seams if the 
plates are punched to full rivet size, which must be a fruit- 
ful cause of weakness and consequent disaster. Every 
engineer, boiler-maker or person who has made even the 
most casual observation in a boiler shop, knows that as 
the holes are laid out and punched separately to full rivet 
size, they never correspond exactly, however great the care 
taken in spacing. Frequently they all come obliquely and 
must either be reamed out for a larger rivet, or else the 


WW. Till” SSS 
A | i VMs 


plates are strained by driving in a drift-pin to force them 
in position, in order to bring the holes near enough over 
sch other, to allow the rivet to enter. That they do not 
fil! the holes when the plates are in such a position is dis- 
tinctly shown if a seam be planed through the centre line 
of the rivets, as shown in Figs. 7 and 2 

Now, suppose that some of the holes in the two plates 
come in relation to each other, as they often do, in the man- 
ner represented in /ig.4. In‘such an event it will be almost 
impossible to make the rivet fill the holes unless the latter 
are reamed out much larger than the size they are punched. 
If this is done a larger sized rivet must be used, which can 
be made to fit accurately, but entire dependence must be 
placed on the faithfulness of the workman employed to do 
this—a reliance, the uncertainty of which only those who 
have had experience know, and which, I regret to say, of 
late years seems to be growing more and more insecure. 
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Now, the fact that workmen cou/d do good work if they 
would, does not lessen the danger from this source. In 
making boilers with rivet holes punched to full rivet size 
there is always a risk of bad workmanship, and, what is 
worse, it is always out of sight and therefore undiscover- 
able. 

With boiler plates carelessly punched to full rivet size 
there is also danger that some of the rivets will be subjected 
to an undue strain. If, for example, we have three rivets, 
as shown in Fig. 5, of which only the centre holes correspond 
with each other, and consequently are the only ones which are 
fitted accurately by a rivet, all the others will fill the holes 
probably somewhat, as in Figs. 1 and 2, or as shown in Fig. 6. 
Now, if the middle rivet in Fig. 5 should fit accurately, while 


Fic. 5. 

all the others should fit, as shown in Fig. 6 (which probably 
frequently does occur), then the centre rivet must bear all 
the strain until the others are drawn up toa bearing. There 
would, of course, under such circumstances, be very great 
danger of shearing off the rivet or, of starting a fracture 
in the sheet, as indicated by the dotted line a 4, in Fig. 5. 
When once started the constant expansion and contraction 
from the strain in the boiler would, of course, have a 
tendency to increase it, until there would not be sufficient 
strength left to resist the steam pressure, and a “mys- 
terious” (?) explosion would result. 

Therefore, I claim that just so long as boiler plates are 
punched or drilled full rivet size there will be difficulty in 
getting the holes to correspond exactly with each other, 
ani danger from bad workmanship will exist. 
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This difficulty and danger can be entirely overcome by 
using the best material and punching the rivet holes one- 
sixteenth of an inch less than full rivet size, with an excess 
of plate area over that of the rivet, and, when the parts are 
in place, reaming the rivet holes to full rivet size; those 
portions of the plate left between the holes will then be from 
ten to twenty per cent. stronger than the commercially made 
boilers at the present time. 

The additional cost of making boiler joints in the manner 
above described, is insignificant as compared with the prac- 
tice in vogue, and in view of the great advantages gained. 
To illustrate, the additional cost of an eighty horse-power 
boiler constructed by one of our leading boiler-makers, in 
the manner contended for, was only fifteen (15) dollars. 
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When we take into consideration the advantages gained 
by the buyer in having a better-made structure, which will 
be capable of doing more work by the increased steam 
pressure, at which it will be practicable to run it, the 
increase in cost will be a good investment. 

From the foregoing, it will be seen that a single riveted 
joint, made as described, will be twenty per cent. stronger 
than the ordinary riveted plates having the rivet holes 
punched or drilled full rivet size. As has been shown, this 
difference in strength is attributable partly to the injury 
done to the plates by punching and to the presence of the 
injured parts. When the holes are punched of a smaller 
diameter than full rivet size, and afterward reamed to the 
latter dimensions, the reaming tfemoves all the portions 
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injured by the punch. Furthermore, all the rivet holes 
coincide exactly with each other, and, therefore, the rivets 
will fit perfectly and will also be less likely to leak. For 
this reason the rivets can be spaced farther apart, and, by 
increasing their diameter slightly, their sectional area will 
be sufficiently great to equal that of the plate metal left 
between the holes, as shown in Fig. 7, composed of three- 
eighths-inch plates. 

The objection raised, as before stated, to spacing the 
rivets for three-eighths-inch plates, as shown in Fzg. 7,is that 
the seams are liable to leak between the rivet holes. In 
other words, the plates will not be held together tight 
enough to prevent the forcing of steam and water between 
them. The greatest distance that rivets may be spaced 


FIG. 7. 


apart without incurring danger of leakage between the plates 
must, however, be determined more by practical than theo- 
retical considerations. What 1 wish to make clear is, that a 
boiler joint will be stronger if the diameter and distance 
apart of the rivets are increased in the proper proportion to 
each other. 

There is, however, a limit beyond which the diameter of 
rivets cannot be increased with advantage, because if we 
increase their diameters, their sectional area to resist shear- 
ing is increased in proportion fo the square of the diameter, 
whereas the section of metal in the plate to resist crushing 
is increased only as the distance between the holes. 

A given increase to the diameter of the rivets will there- 
fore increase their sectional area much more than the 
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material of the plates will be cut away by enlarging the 
rivet holes. 

This will be apparent if we compare a rivet one-half inch 
in diameter with one one inch in diameter. The first has 
, sectional area of o°1963 square inch, the other 0°7854 
square inch, or four times that of the first one. Now the 
area which resists the crushing strain of the rivets is 
increased only in proportion to their diameters, or /wice as 
much for the one as for the other. If, therefore, we increase 
the diameters of the rivets, we very soon reach a point at 
which the plate has less strength to resist crushing than the 
rivet has to resist shearing. The diameter of a rivet which 
will give just the same resistance to both strains varies with 
the thickness of the plates. With three-eighths-inch thick 
plates a seven-eighths-inch diameter rivet will have a 
resistance to shearing of about 30,000 pounds, and the three- 
eighths-inch plates in front of it,a resistance to crushing 
also of about 30,000 pounds. A seven-eighths-inch diameter 
rivet is, therefore, the largest sized iron rivet which can be 
used to advantage in three-eighths-inch plates. 

If now we were to space such rivets so far apart that the 
metal left between the rivet holes would equal the area of 
the rivet in cross section, we would have a strength just 
equal to that of the rivet; we would have the strongest 
possible seam or joint that can be made with a single row 
of rivets. 

In plates three-eighths-inch thick, and seven-eighths- 
inch diameter, rivets of the above value being employed, 
the distance between the margins of the rivet holes wouid 
be one and three-fourths inches, or two and five-eighths 
inches from centre to centre of rivet holes. (See Fig. 7.) 

I have been explicit on this point, because the distance 
of the rivets apart has an important bearing where double- 
riveted joints are used. The advantages of double-riveted 
joints over single-riveted joints are that the strain is dis- 
tributed among a greater number of rivets, and therefore 
the rivets may be smaller, and consequently less material 
ut out of the cross section of the plates for the rivet holes. 

All engineers are aware of the great advantage gained 
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in double-riveted joints by placing the rivet holes in tw 
rows alternately to each other, or in spacing them “zigzag 
or “staggered,” as shown in Fig. 8, which represents three 
eighths-inch thick plates, which is the thickness in mos: 
general use for steam-boiler purposes. 

* It has been found in practice that for the greatest strength, 
the distance KX between the centre of rivet holes ¢ ¢, Fig. 8, 
or in the direction of the joint, should be double the dis. 
tance 4X between the centre lines of rivet holes of the 
two rows, and the rivets will then form a right angle 
or 90° with one another. The distance between the rivet 
holes in the direction of ac, or the joint, can be made fifty 
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per cent. greater than between rivet holes in single-riveted 
joints. The diagonal distance between centres of rivet 
holes should be made equal to the distance in the direc. 
tion of the joint in single riveting. 

In regard to spacing rivet holes zigzag, as shown in 
Fig. 9, it will be seen that the rivets in the respective rows 
are much nearer together than those in the same row, but 
the sectional area of plate in the line a 4¢d andée is over 
two square inches, whereas, in the line f git is only one 
and nine-tenths Square inches. Therefore, although the 
rivets on the zigzag line are nearer together than those in 
the same row, yet the line a 6c d and e presents more 
material to resist rupture. The strongest joint of this kind 
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will be one in which the material between the rivet holes— 
say 6 d—in the same line, is equal to two of the spaces a é 
and 6 ¢, between the rivets in adjoining lines. Or, to 
express it algebraically, and supposing + to represent the 
distance between the circumference of the rivet holes 4 and 
dand m, and # equal to that between a and 4, and é and ¢, 


then we ought to have: 
= MH 


'n order to make the strongest double-riveted joint of 
this kind, we must, therefore, first determine upon the 
greatest distance which is admissible between the rivet 
holes in order to keep the boiler joint steam- and water- 
tight. Assuming this distance to be one and three-eighths 


inches, as shown in Fig. g, then the spaces between the 
rivet holes on the same dine should be two and three-quarters 
inches. If the plates are punched less than full rivet size, 
and when in place reamed to full rivet diameter, the sec- 
tional area of the rivets should be equal to that of the plates 
between the rivet holes. (This is assuming that the tensile 
strength of plates and rivets are in value equal to each 
other, or nearly so.) As there are two rivets to resist the 
strain due to the space between the adjoining rivets, as 4 d, 
for example, therefore, the sectional area of each rivet 
should be just half that of the plate section between the 
rivet holes 6 d. With a three-eighths-inch thick plate, this 
latter area would be one and three-hundredths square inches, 
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the half of which would correspond very nearly with the 
area of a thirteen-sixteenths-inch rivet. 

Having the distance between the rivet holes on the same 
line and the diameter of the rivets, it is, of course, easy to 
establish their pitch, which in this case, would be three 
and nine-sixteenths inches from centre to centre as repre- 
sented in Fig. zo. 

It only now remains to establish the position of the rivet 
hole c in the adjoining line. This can easily be done by 
taking a radius,ae or 6d equal to one-half the distance 
between the centres of the rivet holes a and 4, and from 
them describing two arcs pe and fd. If, now, the rivet hole 
¢ be located so as to be tangent to these two arcs, then the 


FiG. 10. 
spaces between the rivet holes ac and c 4, will be just equal 
to that between aand¢. The plates will, therefore, have 
the same strength in the lineacé as inadé. The centre 
of the rivet hole ¢ can be located, perhaps, more easily, by 
taking half the pitch @ 4, plus half the diameter of the rivet 
hole as a radius, and describing from a@ and 6 two arcs 
intersecting at c, which will be the centre of the rivet hole. 

In the ordinary course of boiler-making almost every 
error of workmanship tends to weaken the plates and 
give an excess of rivet area, while, in addition, the corrosion, 
which to a greater or less extent takes place during the life 
of a boiler, also weakens the plate while scarcely affecting 
the rivets. 
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It is for these reasons that I consider that a riveted boiler 
joint should be laid out so as to have an excess of plate 
section over that of the rivet. 

It is impracticable to proportion the riveted joint so per- 
fectly that the shearing strength of the rivet will be equal 
to the tearing strength of the plate, for the actual strength 
of the plates varies more than does the proportion of dimen- 


sions of the joint. 
[Zo be continued.) 
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ANALYTICAL DISCUSSION or tHE TIDAL VOLUME 


ADMITTED INTO BAYS AND RIVERS UNDER GIVEN CONDITIONS 
OF WIDTH, DEPTH AND AREA OF BASIN—RELATION 
BETWEEN WIDTH AND DEPTH IN THE CROSS SECTIONS OF 
TIDAL STREAMS WHOSE BEDS ARE YIELDING TO THE ACTICN 
OF CURRENTS—VARIATION OF CROSS-SECTIONAL AREA IN 
SUCH STREAMS. 


By L. p’AURIA, 


If a perfect freedom of flow existed in a tidal river of 
uniform width and uniform depth, the range of tide in such 
river would also be uniform, and the profile of the tidal 
wave could be identified with the curve of sines. 

Imagine any portion of this ideal tidal river, from its 
head down to any given cross section, and let us find the ana- 
lytical expression of the tidal volume which would flow 
through such cross section, from slack water to slack water. 

In the first place we will observe that slack water in any 
given cross section of the tidal river under consideration 
would occur when either the crest or the trough of the 
tidal wave occupies a position midway between the given 
cross section and the head of the river. When the crest is 
in such position, we would have what is generally called 
ugh-water slack, and when it is the trough, we would have 
the /ow-water slack, through the cross section. 
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These two phases evidently do not correspond with hich 
water and low water, but occur some time afterward; ani 
it can be seen that the delay between high water and high 
water slack, as well as the delay between low water and low. 
water slack would increase with the distance of the cross 
section from the river head. Theoretically, in a cross sec- 
tion, of which the distance from the head of the river is equal 
to one-half the length of the wave, or equal to the distance 
from crest to trough, the time interval between high water 
and high-water slack, or low water and low-water slack, would 

be equal to one-half the duration of the rise or fall of tide, or 
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a little over three hours. Through such cross section the flood 
current would continue to flow for all this time after high 
water, and the ebb current would continue to flow for the 
same length of time after low water. At any other cross 
section, either above or below the one already considered, 
the time interval in question would be shorter. For in- 
stance, in a cross section of which the distance from the 
river head would equal the length of the wave, slack water 
would occur simultaneously with high and low water, and 
the same coincidence evidently occurs in the cross section 
which is right at the head of the river. All these deduc- 
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tions, though theoretical, represent facts generally observed 
in tidal rivers in a greater or less degree. 

Let MCN and M’C’'N’ (Fig. 1), represent the profiles of 
the tidal wave in the two positions which correspond to 
high-water slack and low-water slack, respectively, through 
the cross section J/./’, whose distance from the head of the 
river VN’ is z; and let 4 denote the length of the wave; R 
the height from crest to trough, and 6 the width of the 
river. It is obvious that the tidal volume passing through 
the cross section 1//’ from one slack water to the other 
will be 

g=b(Rz—4 X area CE’'N’) 
and the problem is reduced to find the area C’E’N’. 

Let « and y represent the codrdinates of any point of the 

curve C’N’ referred to C’ as origin. Then will be found 


y=R sin’ ( ==) 
; A 


bee rae a 2 
area (’E'’N' = R sin? ( cogs ) dx 
A 
o 


Hence, 
gq=6R ( s—4 sin’ ( ne ) dx ) 


Integrating between the assigned limits we find, after 
reduction, 


(2) 


Let 7 represent the mean tidal interval in seconds or 
l = 44,600 seconds, approximately. Then if v denotes the 
mean velocity of wave propagation in the distance zs we can 

put A= Jv, and write. 
= 1825 aie(32) : (3) 

Jee Tv 

This expression becomes a maximum when zs = ¥% v 7, 
which would show that the greatest tidal volume which can 
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be admitted into a tidal basin whose width is 4 and whose 

length exceeds the quantity % v T is 
Ou az Sa R 


“ 


4 


since it would be impossible from a physical point of 
view to admit that by increasing the length of the tidal 
basin beyond the limit 4 v 7, a diminution of tidal volum: 
would ensue. Hence, from such standpoint equation (4 
ought to hold good for all cases where s = > 47 7, while 
equation (3) ought to be applied to cases where s < $v / 

Now it may be reasonably assumed that two tidal basins 
of equal area but different shapes, having the same width 
of entrance, the same average depth and the same range of 
tide at the entrance would admit an equal tidal volume dur- 
ing each tide. With this assumption, if we denote the area 
of the basin by A, we can put s = A + 6 in equation (3), 
which then becomes 

TvbR . zA 
| il x Sin (== 5) (5) 
with the limitation of d <4v776;and when dA = >$4v/7*?, 
we have to apply equation (4). 

In cases where the widths of the cross sections chang« 
from low to high water, the area 4 of the tidal basin wil! 
have to be computed at low water, and the width 4 at mid 
tide. In order to appreciate the correctness of this remark, 
imagine first a tidal basin of uniform width from iow to high 
water. Now, if without altering the cross section of the 
entrance to such basin we were to increase gradually the 
widths of all the other cross sections from low to high water 
without touching the low-water widths, it can hardly be 
expected that by such operation the tidal volume would be 
increased, although a considerable increase in the mean 
area of the basin has taken place. Such increase would evi- 
dently cause a reduction of tidal range in the upper cross 
sections, and this would compensate for the increased mean 
area of the basin, as far as the tidal volume is concerned. 

If we denote by § the mean low water width of the tidal 
basin, by-/ its length, and by 4 the average of the time 
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intervals of high water and low water in the distance /, we 
can put equation (5) under the form 
NPR Ris yes 
I= sin {| £ 


- 
“a 


(6) 
In order to test this formula, let us apply it to a well- 
known case where the necessary data have been well 
determined by observations. This case we find in the por- 
tion of the Delaware River, between Bridesburg (above 
Philadelphia) and Trenton, for which we have / = 144,000 
feet; 6 = 3,860 feet; 9 = 1,764 feet; R = 5°98, and 6 = 162 
minutes. Putting 7 = 762 minutes, we obtain by substitu- 
ting in formula (6) 
g = 1,496,000,000 cubic feet. 


Now, according to an extremely accurate measurement of 
the tidal volume in question deduced from simultaneous 
observations, made by the United States Engineers, it has 
been found 1,452,000,000 cubic feet, which is only about 
three per cent. less than the theoretical. 

It may be that taking into account the volume of fresh 
water discharged by the river, this difference would be 
somewhat larger, but we only claim to give the theoretical, 
not the actual tidal volume. 

When the basin is shaped like a bay, with narrow 
entrance, it is rather difficult to obtain the proper values o: 
# and ¢, which are required by formula (6), to compute the 
tidal volume. However, if we knew the value of v in equa- 
tion (5), we could use this equation instead of the (6) in 
computing the tidal volume, independently of @# and /. 
Now, if we denote by (#/,) the average depth of the basin 
at mid-tide, we can put approximately 

v= 481 V (A) 

[See “A new theory of the propagation of waves in 
liquids. By the author. /ournal Franklin Institute, Decem- 
ber, 1890. ] 

Then we can write: 

_ 4816TRy (A) ‘ (avi ek 
q= , —— Sin * - 
= 48167, By) 
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which is the case of very large bays with narrow entrances, 
then, instead of equation (4), we can use 


ai 48167R V (AA) 
mt 


Q (8) 

In order to test formula (7) we have taken the case of 
Absecom and Brigantine Bay, Atlantic City, N. J., for which 
we have the following data: A = 362,400,000 sq. ft.; 4 = 
1760 ft.; (4,)=9'5 ft; R=4ft. Substituting these data 
in equation (7) we find 


g = 1,482,000,000 X sin 56° 


= 1,228,000,000 cubic feet. 


By gauging, and with the same range of tide of four teet, 
Mr. George Daubeney, Assistant Engineer, found in 1880 a 
tidal volume equal to 1,174,612,000 cubic feet [see Report of 
Chief Engineers U. S. Army, 1881]; and in 1886, by simulta- 
neous tidal observations with the same range of tide was 
found again, by the writer a tidal volume equal to 1,170,614, 
000 cubic feet. [See Repert of Chicf Engineers U. S. Army, 
1887. | 

Both these measurements, surprisingly near to each other, 
are in the mean only four per cent. less than the theoretical 
tidal volume computed by formula (7). Such close agree- 
ment, we believe, entitle us to view our formule from a 
physical point and trust the conclusions which may thus be 
reached. Now we may readily see from formula (8) that in 
very large tidal basins with narrow entrances the tidal 
volume is directly proportional to the width of entrance, 
showing that in large tidal bays it would be useless to change 
the width of entrance with a view to increase the velocity 
of the currents through such entrance; and as far as the 
upper navigation of such bays is concerned, it teaches that 
by narrowing the width of entrance we cut away from the 
various channels an amount of flow proportionately to the 
reduction of width of entrance effected. 
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In tidal rivers, however, where formula (7) is applicable, 
this formula would show that the tidal volume varies with 
the quantity 


rA 
4 — _ - ( 
n b sin Ge bT1 5) (9) 


other things remaining the same. Now, it can be seen that 
this quantity is only feebly affected by 6 when the area of 
the basin 4 is small compared with 


24671) (M,) 
In fact, suppose for instance that we should find 
A 
2467 y(H,) 


then the tidal volume would be proportional to } 4. If 
instead of 6 we substitute, say % 4 in (g), then the tidal 
volume would become proportional to 0°47 6, showing, there- 
fore, a loss of only six per cent. of tidal volume against a 
reduction of thirty-three per cent. of the width of entrance. 

Let ¢, represent the value of ¢ corresponding to the 
width 6, < 8; then the loss of tidal volume incurred would 
be expressed by 


=4 


In the above argument we have tacitly supposed that 
the reduction of width amounts to a contraction of the 
river at a particular point, forming a kind of bay above it; 
but where only a rectification of the banks of the river is 
contemplated no loss of tidal volume can possibly follow. 

In projecting improvements of tidal rivers it has always 
been a perplexing question how far the tidal volume might 
be affected. We can answer this question now, fully, by 
consulting our formule (g) and (10), when the necessary data 
are given; and in a general way we have learned that 
where the ratio 


A~+246TY(A,) 
is considerably smaller than ove, say + or 4, which would be 
the case of the upper sections of tidal rivers, then a contrac- 
tion of width may be effected, practically without loss of 
Vor. CXXXI, 13 
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tidal volume, a conclusion which may save a great amount 
of discussion relating to the improvement of such section; 
of tidal rivers. 

In tidal rivers whose beds are yielding to the action o! 
currents the depth of the cross sections must bear some 
relation to the mean velocity of the stream. Let # represent 
this velocity through a cross section 2 whose depth is //, 
and put H = cu", in which ~ is to be determined, and ¢ is a 
constant. Now, from formula (7), we can compute 


2 > wt A 
“= 4°81 RV (A) sin ( a ) 
nH 481671 (A,) 


and consequently we find 
n n n 


Hf =: ¢, as (H,) pin: sin’ ( z A 


ity a) 


This formula when applied to the Delaware River led 
the writer to the conclusion ~ = 2, hence 


ie rré A 
H =z ¢, Ri (H,)! sini ( — ) (12) 
481671 (A) 

Changing the width 4 of the cross section &, this formula 
offers the corresponding mean depth when other things are 
given. Let, for instance, 6, and //, represent the new width 
and the new depth, we would have 

2 ( z A 
sin® ) 
H, ()! 481 6,71 (1) 
Millan’: oa RL UR, 
4816 TV (A) 
When 4 is small compared with 
24 67 v (AA) 


and the ratio does not exceed, say 4, we can write simply 


= CEG) z 


If we multiply equation (12) by 6 we have 


; sg nA 
Sree »3 s - & 
aceapics ° spl i ae eT i ci) 
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or; remembering that we have expressed the velocity of 
propagation by 
v= 431) (H,) 
ind that A = zs in which =z is the length and # the average 
width of the basin, we can readily find 
j/s\i .7 Ox 
Q2=c, 6 R’ ( ) sin® (2 ~) (16) 
4 6 67 


For the upper portion of a tidal river we find 4 consider- 
ably smaller than 7, and therefore, for such case, we can 
assume the sine proportional to 


(5) 


and write 


9=6,R Aso 


and 
2, (%: By (=)! (*)' (18) 
Q R 3p £ b, 
When the cross sections are not too far apart we can 


consider the mean width of the basin and the range of tide 
te remain constant, and then we have 


(19) 


In order to test this relation we have selected three pairs 
of cross sections from the Delaware River, each pair exhibit- 
ing a gteat variation of width in a short distance, and the 
results are as follows: 

Fisher's Point: 
2 = 52,927 sq. ft.; 6 = 2,610 ft.; s = 144,090 ft. 
Elevator Wharf: 
2, = 67,380sq. ft.; 6, = 4,240 ft.; 2, = 154,000 ft. 


Gloucester : 
2 = 53,625 sq. ft.; 6 = 1,800 ft.; + = 186,000 ft. 


—— 
MEE es 
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pt ee een a ne a 


4 
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Horse Shoe: 


2, = 91,380 sq. ft.; 2 


2, 3, 
ae c= (°70; 
Q : ( 


Deep Water Point : 


2 = 140,500 sq. ft.; 6 = 4,860 ft.; s = 326,000 ft. 


New Castle : 
2, = 182,200 sq. ft.; 6, = 8,400 ft.; s, = 344,000 ft. 


b = 

On examination it will be found that at Gloucester the 
bottom is rather :ard compared with the other cross section, 
a circumstance which seems to account for the difference o! 
ten per cent. found in the second case between the actual! 
and the theoretical result. The small difference found in 
the other two cases, though utterly insignificant in compu- 
tations of this kind, still is in a direction which is in accord. 
ance with the factor neglected in formula (18). Had this 
factor been computed a still closer agreement would have 
been found between the results of observation and thost 
obtained by theory. 


On A MAXIMUM STEAM-JACKET EFFICIENCY. 


By Ropert H. THURSTON. 


(1) IDEAL EFrricieNcy.—The fact is sufficiently well 
known that the steam jacket, as employed on the steam 
engine, of whatever form and arrangement, is intrinsically 
a wasteful element, and that its use only gives, in certain 
cases, an economical advantage by its repression of wastes 
of larger magnitude. It checks a serious and unavoidable 
waste, more or less completely, by a process which as inevit- 
ably involves a waste which is commonly, but, perhaps, 
not invariably, a lesser one. The ideal steam engine, such 
as is treated 6f in the purely thermodynamic study of the 
steam engine, has a lower efficiency with, than it has with- 
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out,a jacket. This is readily seen from the following illus- 
trations computed and checked by Messrs. Hitchcock and 
Mount, at the suggestion of the writer. N‘ne cases are 
examined, in which the same initial pressure is taken and 
the efficiencies are computed both with and without jacket 
for various ratios of expansion. The results, as given in 
the following tables and as illustrated in the curves plotted 
from them, show that the jacketed engine is always more 
wasteful than the ideal, unjacketed engine. This is suffi- 
ciently evident, @ priori, from the consideration that the 
latter receives all its steam at a maximum temperature, 
expands it adiabatically to a certain terminal temperature, 
and then exhausts it; while the former receives a part of 
its heat at intermediate temperatures, expands the fluid non- 
adiabatically, and finally reiects it at the terminal tempera- 
ture, with a lower mean range of expansion. In other 
words, the jacketed engine departs furthest from the princi- 
ples ef economical operation first enunciated by Carnot:* 
All heat should be received at maximum temperature; 
expansion should be perfectly adiabatic, and should continue 
to the minimum temperature and pressure, and all should 
be rejected as nearly as possible at that minimum. Thus, 
“ theoretically,” if the use of that much-abused term may be 
permitted in this sense, the unjacketed engine is more 
efhcient than the jacketed engine. 

“Practically,” however, the reverse is usually, though 
probably not always, the case, and the use of the jacket is 
often found to be productive of areal,and sometimes of large, 
economy. It is thus obvious that the advantages of the 
employment of the jacket come of those conditions which 
distinguish so markedly the real from the ideal case in steam. 
engine economy; those which make the “Theory of the 
Real Engine,” as the writer has called it, essentially differ- 
ent, in important respects, from the “Theory of the Ideal 
Engine.” + 


* Reflections on the Motive-Power of Heat By Sadi Carnot. Edited by 
Kk. H. Thurston. New York: J. Wiley & Sons. 1890. 

+ Development of the Philosophy of the Steam Engine. Thurston, 
N.Y.: J. Wiley & Sons. 188g. 
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The following illustrates this comparison : 


EFFICIENCY OF STEAM—IDEAL CASES. RANKINE. 
Non-conducting cylinder. 


= absolute pressure of admission ; 
: absolute pressure at end of expansion ; 
mean back absolute pressure ; 
absolute temperature of f, ; 
- absolute temperature of /,; 
absolute temperature of feed water. 


Then the energy per cubic foot of steam admitted : 


to 


J sii ee » low © ? 
UD, =JD, 3, = (1 hyp log <1) ¢ 


r (Pp. — ps) 


r = ratio of expansion ; 
D, == density of steam at /,; 
Zi, = latent heat of steam at /,. 


Heat expended per cubic foot of steam admitted: 
H, D, = J D(a — 7) + Zi: 
H, = latent heat of evaporation ; 


Eff. of steara = 
HT, 
Cylinder Sacketed. 
- absolute pressure of admission; 
= absolute pressure at end of expansion; 
- mean absolute back pressure; , 
- absolute temperature of /,; 
- absolute temperature of £,; 
- volume of 1 lb. steam at /,; 
- volume of 1 lb. steam at /,; 
= 1109550 ft. lbs.; 
= §40°4 ft. lbs. per degree F. 
encrgy exerted: 
U' =ahyp log - — b (7, — 7) + Vz (p. — Ps) 
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Whole expenditure of heat per lb. steam: 


&=JS (—) +a(1 + hyp log") — be, 


+o 


Eff. of steam: 
; | Oh 
E . = 
if. A 


COMPUTATIONS—IDEAL CASE. 
Without Jacket. 
1 = 115 lb. at. 7, = 799 
= §°32 tT, = 626°4 
s= 4 


TO ae REY ye A GD i ERTS 


: 7 ? 
‘2627 799 — 626°4 ( 1 + hyp log Saba ) ( 


99 — 626: 
Z — 4 -177760 + 20 (5°32 — 4) 144 = 46478 
/ 


H, D, = 772 X *2627 (799 — 561°2) + 


gy, = i: — ae .. 
H, D, 225986 


7 = 799 


* 1 + hyp log 799 
s ( IP ac) 


10 (8°907 — 4) 144 = 43715 


T= 6°66 


fh ad i TR BIg AN Nh LB igh ac REE IIE, ind cepa Aig OTR eA 


‘2627 7 on ; . 199 
2627 799 — 670°7 (1 + hyp log iz) 
_ 799 — 670°7 | 


PA 177760 + 6°66 (13°98 — 4) 144 — 40481 
799 


r + tM Beales SR ee! Ra rine Ba pled 
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fon ad 


™ 225°986 ~ ‘795 


™, = 799 


= 
‘ 


7c 
+ hyp log £29.) 
/ 


2 


+ 4 (24°64 — 4) 144 = 35305 


35305 


= 225986 ~ 1506 


30700 
P ad | — 1358 
225986 


tT, = 799 


T, = 738°8 
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os ee 


°2627 | 799 — 752°6 ( 1 -+ hyp log 19, 


177760 + 1°818 (59°19 — 4) 144 = 25298 


< *2627 799 — 776°2 (1 + hyp log 


177760 + 1°33 (83°77 — 4) 144 = 


‘€ 
. 
: 
+ 
3 
\ oe 
.§ 
* & 
& 
. ; 
* & 
© 
° & 
. 
a "4 
# 
“ 
72 
i® 


= 799 


ae ayy in Oat Rs, wet 


‘2627. 799 — 799 ( I hyp log ) 


199 — 799 . 1 (115 — 4) 144 = 15084 


ee eee oe -, 
Bese ose, aw 
Ree ge <r Sat ee ad 


COMPUTATIONS—IDEAL CASES. 


With Jacket. 


Rad tin a He Re BA ek ah 


ne Pog 


A, = ™, = 799 V, 3°806 
ps = ’ T, = 628'9 V, = 76°12 
As = 


m7 


aed ips Pinas ead 


U =a hyp log a — 6 (799 — 628°9) + 76°12 (5°63 — 4) 144 


= 191170 
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99529 


a 193 


"hk ~~ 995290 


Pi = 115 T, = 799 V,= 3806 r 10 
A= 9 T, = 649°5 V, = 38°06 
A= 4 


U=ahyp log 199 _ __ 6 799 — 649°5) + 38°06 (go — 4) 144 
bers (799 95) + 3 9 


h = 772 (649°5 — 561°2) + a (1 + App log ge) — 6. 799 


Pi = 115 7 = 799 1 = 3°806 r = 6°66 
Po 333. 


Ps= 4 


U=a hyp log (92 — b (799 — 675°4) + 25°34 (15°33 — 4) 144 
675°4 


= 158179 


q h = 772 (675°4 — 561°2) a (1 hyp log 799 ) — 6. 799 
675°4 
- 949044 
Eff, = 158179 — -1665 
949944 
Case 4. 
Ai = 115 tT, = 799 V,= 3806 r=4 
pf, = 26°36 T, = 704'2 V, = 15°22 
ps3 =4 


U=ahyp log . — 6 (799 — 704'2) + 15°22 (26°36 — 4) 144 
/ 


= 133244 
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704'2 — 561°2) a (1 + hyp log * 7? ) — 6. 799 
704°2 


U=a lg a — 340°4 (799 — 724°7) 
OR fs 


10°87 (37°69 — 4) 144 = 118321 


hyp log £29 ) — b. (799) 
724°9 


= 3°08 
— 8°449 
U =a hyp log 729. — b (799 — 740°8) + 8°449 (49°28 — 4) 144 

~ 740°8 

= 108963 

2 (7408 — 361°2) + @ (1 + hyp log 299) — 6 (799) 

t 740°8 

= 901746 

a 108963 =a 

901746 
115 St V, = 3°806 
60°93 Se 3 e V; = 6°919 

4 


. Aa hyp log ; 


— 6 (799 — 753°7) + 6919 (60°93 — 4) 144 
= 96883 
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( — 561) + ali + hyp log 7299) — 6 
753— 5 (1 + hyp log 29) — b 709 


l°=ahyp log SE ie 
777-2 


U = a hyp log 2° — b(799— 799 + 3 *806 (115 — 4) 144 
/ 


2(799 — 561'2) + a (1 + hyp log £99 )— 4. 799 
799 

= 861350 

608 35 


Ef, = 
D 861350 


= '0707 


Tabulating the results as obtained under the several 
‘ases, we have 
EFFICIENCIES OF WORKING FLUID. 
Steam engine, Jacketed and Unjacketed. 
Cut-off. Ratio Exp. EG. Without. Eff. with Jacket. 
20°00 0.2073 
10°00 1934 
6°66 "1795 
4°00 "1566 
2°85 "1358 
2°22 ‘1237 
1°82 ‘I1Ig 
1°33 "0898 
1°00 ‘0707 
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An examination of the tables, of the curves still better, 
will show clearly the wasteful influence of the steam jacket, 
as an element considered by itself. Within the usual range 
of practice, from about five or six to fifteen or twenty 
expansions, under the assumed conditions of initial pressure 
and cut-off, it is seen that the loss by its application is 
fairly constant at something above one per cent., in these 
cases; rapidly falling to zero as the ratio of expansion falls 
from the lower figures to unity. The consumption of steam 
in pouads per horse-power per hour, may be computed very 
approximately by dividing 2°5 by the computed efficiencies. 
The cases assumed are for condensing engines, and the 
evaporation always taken at nine pounds of steam per pound 
of fuel, the fuel expenditure may be gauged by dividing 
the weight of steam computed by nine. This gives, for 
example, about 12°06 and 12°95 pounds for the unjacketed 
and for the jacketed engine, respectively, at a ratio of 
twenty, in steam demanded; and of about 1°33 and 1°44 
pounds of fuel. For a ratio of expansion of four, the figures 
become about 16 and 17°3 respectively, for the steam and 
175 and 1°85 pounds of fuel. At full stroke, the figures 
become 35 pounds of steam and of feed water, and 4 pounds 
of fuel per horse-power and per hour, for both engines. 

We conclude, from the above, therefore, that, in the ideal 
case, the steam jacket reduces efficiency, necessarily and 
without exception, and that, for ordinary variations of the 
ratio of expansion for the pressure here assumed, this waste 
is anearly constant fraction. Toputit more mathematically, 
the gain is negative, and nearly constant at about one per 
cent. efficiency. 

(2) REAL EFFICIENCIES.—In 1886,a “ Research Committee” 
was appointed by the British Institution of Mechanical 
Engineers, to investigate the subject of the steam jacket.* 
A very unusually complete set of data, pertaining to trials 
made with a view to determine the efficiency produced by 
application of the jacket was secured, and from these the 
following figures were collated and results deduced : 


* Proceedings, 1890. 
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(1) The case of a single-cylinder non-condensing Corliss 
engine, 21°65 x 43°31 inches, the body only jacketed. Th« 
jackets were supplied-by a small pipe from the main steam 
pipe and were automatically drained. 

Following are the data as obtained, the experiments 
being carried on at variable boiler pressures and ratios 0! 
expansion. The comparisons to be given, like the preced 
ing, were made, and reported to the writer, by Messrs 
Hitchcock and Mount. 


STEAM-JACKET EFFICIENCIES. 
(See Curves 1, Set I, Feg. 71.) 
Without. With 
DL? Nice eatin > af Gb 6 Sele a -- 
Boiler pressure above atmos.,. ....... IO 110 
PN Pie og ge! 05 Sk ake hs Se aes 8 6'2 71 
Piston speed, . .. . 445 439 


Feed water per 1.H.P. perhhr.,. ...... 22°80 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 


Jacsets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 


(Curves 2, Set J, Fig. 11.) 
Jackets, 
Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 


Jackets, 
Boiler pressure, . 
Expansions, 
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STEAM-JACKET EFFICIENCIES.—( Continued.) 
Without 
Piston speed, 
Feed water, . 


Jackets, : 
Boiler pressure, . 
Expansions, 
Piston speed, 
Feed water, . 


Jackets, ; 
Boiler pressure, . 
Expansions, 
Piston speed, . 
Feed water, . 


(See Curves 3, Sel J, Fite. 17.) 
Jackets, : 
Boiler pressure, . 
Expansions, 
Piston speed, 
Feed water, . 


Jackets, 

Boiler pressure, . . ee en foc 49°8 
Expansions, .. . CP bl Pee oe ay ee ae 2°5 
SE eee ie 
es ga ca ak we pe eee 27°2 


I as Gad Vg se 5 Me aie ic — 
Boiler pressure,. . . . ibe eats s 49°8 
Expansions, .. . 64 9) hee gk Se 1°7 
ES re cr ae 
Peed water,....... a: et eggs ae noes 30°17 


SNES 2 i ene ST gs —_ 
SSO are iP ree a 49°8 

CE OE ei ok ei he es Sor et a I" 

DE he. Se gigs a ae ee OE 
eee 2858 ho 38 ee Ra 46°82 46°26 


Curves A AC on Fig. /V, are derived from curves 7, 2, 3, 
Set J on Fig. //, by determining the efficiency of the jacket 
for different ratios of expansion in the following manner: 
A certain ratio of expansion was taken and, by comparing 
the amounts of feed water, as read from the curves, for that 
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ratio, we determine the difference in efficiency due to th: 
jacket for that expansion. 

These curves show an increased efficiency with increas: 
in ratio of expansion. 

The second case is that of a single cylinder condensing 
engine (Corliss), cylinder dimensions same as _ before, body 
only jacketed ; experiments carried on at the same place, in 
the same year and in the same manner. 

The following are the data as obtained: 


STEAM-JACKET EFFICIENCIES. 


(See Curves 1, Set If, Fig. I.) 


Without, 
MN, 5 d-hG Winiaat eet ta a te be: We ae -- 
ee a er a 
RII Fa ay a 5 ne) Sani So eg a 13°5 
I nw la sy «a es OC ew oe 
I Sah cf gh Sig ere ee al ay ek 23°24 
Feed water ideal case, . 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 
Feed water ideal, 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, . 
Feed water ideal, 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, 
Feed water, . 
Feed water ideal, 


(See Curves 2, Set 11, Fig. 11.) 
Jackets, 
Boiler pressure, . 
Expansions, 
Piston speed, 
Feed water, . 
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STEAM-JACKET EFFICIENCIES.—( Continued.) 
Without. 
Jackets, 
Boiler pressure, 
Expansions, 
Piston speed, . . . 
Feed water, . 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, . . 
Feed water, 


Jackets, 

Boiler pressure, . . 
Expansions, 
Piston speed, . . 
Feed water, 


Jackets, 

Boiler pressure, 
Expansions, 
Piston speed, 
Feed water, 


Jackets, 

Boiler pressure, . 
Expansions, ‘= 
Piston speed, .. . . 
Feed water,. . . 


Jackets, 

Boiler pressure, . . 
Expansions, 

Piston speed, . . 
Feed water, 


Jackets, 

Boiler pressure, . . 
Expansions, 

Piston speed, 

Feed water,. . . 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, . . 
Feed water, . . 


VoL. CXXXI. 


or ONG Net Ne ees Ee eee 
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STEAM-JACKET EFFICIENCIES.—( Continued.) 
Without. 
Jackets, 
Boiler pressure, . . 
Expansions, 
Piston speed, . 
Feed water, . 


(See Curves 4, Set 11, Fig. £1.) 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, . 
Feed water, . 


Jackets, 

Boiler pressure, . . 
Expansions, 

Piston speed, . 
Feed water, . 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, . 
Feed water, . . 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, . 
Feed water, . 


Jackets, 

Boiler pressure, . 
Expansions, 
Piston speed, . 
Feed water, . 


Curves constructed as before are here marked D £& F and 
G on Fig. JV; being derived from z, 2, 37 and 4g, Set II, 
Fig. IJ. These curves also show that the efficiency of th« 
jacket with such engines increases with increase in ratio o! 
expansion, and in the case of D and £ increases up to a cer- 
tain value of the ratio of expansion and then decreases. 

The third case applies to a horizontal compound con- 
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densing tandem engine, the body of the cylinders only being 
jacketed. The whole steam supply to the cylinders passed 
through the jackets, which were drained by trap; and when 
not in use the jackets were open to the air. 

The trials were carried on at a constant boiler pressure of 
forty-two pounds above atmosphere and a piston speed of 
196 feet per minute. 


STEAM-IACKET EFFICIENCIES. 


Without Steam in either Jacket. 
(See Curves 1, Fig. ITT.) 


Expansions, : 
Thermal units rejected | per I. H. P. per m., 


Expansions, 58 
Thermal units rejected per I. H. P.perm., . . 619 


With Steam in High-pressure Jacket Alone. 
(See Curves 2, Fig. IIT) 


Expansions, j 7°73 
Thermal units rejected 


With Steam in Low-pressure Jacket Alone. 
(See Curves 3, Fig. IIT.) 


Expansions, . . . Sail tt i ge 15°8 
Thermal units sqjected, . Suet see 427 


Expansions, ; 
Thermal units rejected, 


Expansions, 
Thermal units rejected, 


With Steam in both Jackets. 
(See Curves 4, Fig. ITT.) 


Expansions, : a: eee 
Thermal units rejected per I. H. P. perm., 347 
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COMPUTED DATA, BY WHICH CURVES ON FIG. IV ARE PLOTTED. 
Ratio of exp. Ef’. of jacket. Ratio of exp. EG. of jacket 
Curve. Per cent. Curve. Per cent. 
A 62 21°33 F 8 7°38 
6 20°61 7 5°94 
5 15°79 6 4°67 
B 5°5 13°6 5 36 
5 12 4 1°64 
4 9°63 G 10 7°45 
3 9°38 9 6 28 
Cc 4 7°64 8 513 
3 7 7 3°84 
2 3°93 6 3°08 
i 32 23°43 5 2°03 
II 23°82 H 9 19°23 
10 23°78 8 20°45 
9 23°2 7 22°55 
8 21°5 I 9 26°34 
7 20°32 8 26°34 
E 21°95 7 26°24 
9 22°14 6 26°5 
8 19°23 K 9 29° 
7 16°66 8 29°35 
6 12°34 7 30° 
F 10 9°25 6 31°62 
9 8°62 


The preceding work, including the computations and all 
the comparisons of data, has been performed with great 
care, the two computers checking the figures and the results, 
in such manner that, as shown by the forms of the curves, 
there can be no doubt of the existence of this maximum in 
the value of the steam jacket, the ratios of expansion being 
varied as seen, and it is probably fairly to be assumed that it 
may be found in all cases. These data and deductions will 
well repay a much more extended study than it is kere 
practicable to give them. A short review of the work will, 
however, reveal some interesting and probably important 
facts. 

In the first case, that of the simple non-condensing 
Corliss engine, the heads unjacketed, we see, taking the first 
example, that the use of the jacket reduced the cylinder- 
wastes from about twenty-five per cent. of the ideal con- 
sumption of steam and feed water to about half that pro- 
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portion, for ratios of expansion approximating six; from 
one-third to about one-tenth, at a ratio of five; and apparently 
from twenty to ten per cent. at 4744. The same general 
effect is observed throughout, with some discrepancies 
which may be due either to varying action of the jacket or 
to slight errors of observation, or to both combined, the 
latter being the probable fact. 

in this first case, also, it will be observed that the jacket 
gives best results, with 110 pounds of steam, when the 
ratio of expansion approximates six. When the steam 
pressure falls to aporoximately eighty pounds, the best work 
of the jacket oc...s at a ratio not far from 4°75; while, at 
the pressure of fifty pounds, the value of the jacket increases 
through the whole range of the experiments, and not only 
so, but the curve assumes a rectilinear form, indicative of 
probable improvement indefinitely in the direction of 
increasing expansion. The highest efficiencies, however, 
either with or without the jacket are found, in this case, at 
the lowest ratios adopted, and indicate a maximum value at 
about 3°25. The ratios of expansion for maximum efficiency 
of fluid, in the other cases, are seen to be, for 110 pounds, 
about five, and for eighty pounds, about 3°5. 

Similarly studying the performance of the condensing 
engine, we find that the best work done, whether jacketed 
or not, at about a ratio of expansion of ten (at a steam-pressure 
of 110 pounds), but that the jacketed engine reduces the 
internal wastes from fifty per cent. at highest ratios, and 
from one-fourth at the lowest ratios, in the case of the 
unjacketed engine, to five per cent., and, in some cases, 
probably to within the magnitude of the errors of observa- 
tion. Ata pressure of ninety pounds the best ratio seems 
to be for this engine, under the given conditions of opera- 
tion, about 6°5 when unjacketed, and 8°5 jacketed; while 
the lower pressures still further reduce both the efficiencies 
and the savings effected by the jacket. The best work of 
the jacket, as an economizer of heat, is done at high pressure, 
at a ratio of expansion of twelve or more. In all cases it 
seems to be the fact, with these engines at least, that the 
jacket is useful beyond the ratios of maximum efficiency of 
fluid. 
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The compound engine isoperated at altogether too low a 
pressure to bring out the best effect cf compounding; but 
it exhibits the same general effects which have been noted 
in the cases of working of simple engines. The effect of the 
jacket is less pronounced than in the simple engine, and the 
efficiencies of fluid vary less with variation of the ratios of 
expansion. It gives its best result at ratios of expansion 
ranging from 7°5 to 10°5, the variations of the value being 
very much more observable in the last case, in which both 
jackets are in use, than in either of the others, and least in 
Case 3,in which only the high-pressure jacket was employed. 
By far the best work was done by the engine when both 
jackets were in use. 

This discovery of a maximum efficiency of jacket may 
throw some light upon the causes of the conflicting and 
sometimes apparently irreconcilable results of trials of 
enginas with and without jackets, and with jackets variously 
constructed. The discovery may also prove of value to the 
cesigner. as aiding him in securing the best proportions and 
arrangement of his engine. 
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April, 1891.] Chemical Section. 


PROCEEDINGS 


OF THE 


CHEMICAL SECTION 


FRANKLIN INSTITUTE. 


[Stated meeting held at the institute, Tuesday, March 17, 1891.] 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 17, 1891. 


Dr. Wa. H. WAHL, presideat, in the chair. 


There were present fifteen members and four visitors. 

Letters from Dr. F. A. Geuth and Prof. Joseph W. Richards, acknowl- 
edging election to membership, were read. 

Mr. George H. Bartram read an interesting paper on ‘‘A source of error 
in the phenol-sulphuric acid method of determining nitrates in potable 
waters,” 

The paper was commented upon by Mr. Reuben Haines, who remarked 
that in his experience in the use of this method he had suspected the exist- 
ence of such a source of error as was pointed out in Mr. Bartram's paper. 

Mr. Fred. E. Ives read a paper criticising adversely the results obtained 
by Prof. Lippmann in photographing colors. The paper was discussed by 
Messrs. Hall, Wahl, Jayne and Haines; considerable interest was mani- 
fested in the paper. 

Mr. Reuben Haines then read a paper, entitled “‘ Percentage of iodine 
absorbed by lard oil.” 

Mr. H. Pemberton, Jr., presented two papers, entitled, respectively, 
“Analysis of a chromite’ and “An apparatus for heating substances in glass 
tubes ;"" they were read by title. The papers presented were referred for 
publication. 

Adjourned. Ww. C, Day, Secretary. 
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THE ELECTROLYTIC METHOD APPLIED To 
RHODIUM. 


By EpGAR F. SMITH. 


[Read at the stated meeting, held February 17, 1891.) 


So far as I have been able to learn, the salts of rhodium 
have never been subjected to the action of the electric cur- 
rent. I, therefore, made experiments in this direction and 
obtained results indicating the possibility of employing the 
electrolytic method in the estimation of this metal. The 
various texts consulted led me to believe that in all likeli- 
hood a solution of the double cyanide of rhodium and an 
alkali metal would best answer my purposes. Precipita- 
tion did not occur upon mixing solutions of potassium . 
cyanide and rhodio-sodium chloride. The liquid remained 
clear. As soon, however, as a comparatively feeble current 
acted upon the double cyanide, a reddish yellow colored com- 
pound appeared, and remained suspended in the liquid. It 
was probably a cyanide which sustained no change. I did 
not attempt a repetition of this experiment. 

From my experience in the electrolysis of gold, platinum 
and palladium solutions containing alkaline phosphates and 
free phosphoric acid, I concluded to try rhodium under 
similar conditions. Sodium rhodium chloride, Na,Rh,Cl, 
+- 24H,O, was the salt used by me. A sufficient quantity of 
it was dissolved so that 10 cc. of liquid contained, by calcu- 
lation, o°og80 gram of metallic rhodium. 

Experiments—(1) To 10 cc. of the rhodium solution 
were added 30 cc. of sodium phosphate, Na,HPO, (sp. gr. 
1°0358), and 3 cc. of phosphoric acid (sp. gr. 1°347). The total 
dilution of the electrolyte was 180cc. The current gave 
1°8 cc. OH gas per minute. In seven hours the deposition 
of metal was finished. 
Weight of crucible + rhodium = 63°4765 

SE “ alone, = 63°3783 


Rhodium = o'0982 
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The deposition of metal occurred at the ordinary tem- 
perature. At the beginning of the decomposition the liquid 
showed a beautiful deep purple color, but as the metal 
separated, it rapidly became lighter and finally colorless. 
Upon inclining the dish in which the precipitation was 
made, thus exposing a fresh metal surface, the latter 
remained perfectly clear. The precipitation of metal was 
completed. 

(2) The conditions here were nearly the same as in the 
preceding trial. The total dilution of liquid equalled 200 
ce. while the current gave 1°6 cc. of OH gas per minute. 

The metallic rhodium was precipitated upon copper-plated 
platinum dishes. It was rather blackin color, very compact 
and perfectly adherent. It was washed without any diff- 
culty. Hot water was used for this purpose. The drying 
was done upon a warm iron plate. 

The results obtained accord so well with the theory that 
the accuracy of the method cannot be questioned. The 
rapidity with which the metal is deposited, and the ease 
with which it may be handled also recommend this method 
of estimation. 


CHEMICAL LABORATORY OF THE UNIV. OF PA.,, 
PHILADELPHIA, February 13, 189i. 


THE ELECTROLYTIC DETERMINATION oF 
MERCURY. 


By EpGaArR F. Smit. 


[Read at the stated meeting, held February 17, 1891.) 


In gravimetric analysis mercury is frequently obtained 
as sulphide. To weigh it as such, or to convert it into 
some form suitable for weighing, requires much time and 
close attention to insure results that will be at all satisfac- 
tory. It is, therefore, better to have recourse tothe electro- 
lytic method of determination. As mercury sulphide 
dissolves quite readily in the fixed alkaline sulphides, I 
electrolyzed such solutions. The results show that this 
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procedure affords a very accurate and clean method for the 
estimation of this metal. 

The sodium sulphide was prepared as described in the 
paper relating to the determination of gold. Its specific 
gravity was I'I9. ' 

Solutions of mercuric chloride, containing a known 
amount of metal, were first tried. The table shows the con- 
ditions of experiment and the results: 


Sodium sulphide 
present. Total dilution, 
Sp. gr. 1°19. 


Current in cc. OH 


Mercury present in 
gas per minute. 


grams Mercury found 
0°1903 
0°1903 
0°1903 
0°1903 
0° 1903 


The precipitation extended through the night. The 
deposited mercury was gray in color and very compact. 
Only once was a tendency to the fluid form observed. Hot 
water was used for washing. The metal was dried by hold- 
ing the platinum dish in the palm of the hand and blowing 
gently upon the deposit. 

If mercury and arsenic are both present in a solution of 
sodium sulphide, the current will throw out the former. It 
will not carry down any arsenic. This is evident from the 
two analyses that follow: 


, Current in cc. 
Sodium Total dilution. OH gas Mercury found. 
per minute, 


Mercury 


present Arsenic present. 


sulphide. 


0° 1903 gr. 25 cc. - o*1908 gr. 


0°1903 gr. 25 ce. 5 ce, . 0°1894 gr. 


In the communication upon the deposition of gold from 
sodium sulphide solutions, mention is made that gold and 
tin could not be separated electrolytically when present 
together in a solution of that kind. I was, therefore, rather 
surprised to discover that mercury could be separated from 
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tin under such circumstances. The conditions of experi- 
ment were similar to the following: 

The solution contained 0°1903 gram of mercury, 0°1200 
gram of tin, and 30 cc. of sodium sulphide. The total dilu- 
tion was 125 cc. The current gave 2 cc. of OH gas per 
minute, and acted for twelve hours. The precipitated mer- 
cury weighed 0*1909 gram. 

The filtrates from the mercury deposits did not show 
even traces of this metal when they were examined. 


CHEMICAL LABORATORY OF THE UNIV. OF PA., 
PHILADELPHIA, February 13, 1891. 


Tut ELECTROLYTIC DETERMINATION or GOLD. 


By EpGarR F. SMITH. 


[ Read at the stated meeting, held February 17, 1891.)\ 


Gold has been estimated electrolytically in solutions, con- 
taining it as a double cyanide, or in the presence of sodium 
phosphate and phosphoric acid. From recent experiments 
I am satisfied it can be determined in the same manner by 
the decomposition of solutions of sodium sulphaurate. 

Years ago Parodi and Mascazzini (Zeit. f. Analyt. Chemie, 
18, 588), showed that antimony was completely precipitated 
from solutions of its ammonium sulpho-salt by the electric 
current. Classen elaborated this idea (Ser. 14, 1622; 17, 
2467; 17, 2245; 18, 1110), substituting sodium sulphide for 
ammonium sulphide, and succeeded in effecting a most 
excellent separation of antimony from both tin and arsenic. 

The sodium sulphide, used in the experiments recorded 
in this communication, was prepared by supersaturating a 
definite volume of caustic soda (1°3 sp. gr.) with hydrogen 
sulphide gas. An equal amount of caustic soda was then 
added, and the current of hydrogen sulphide continued for 
some hours through the solution. The liquid was then 
rapidly concentrated, until a crystalline scum appeared 
upon its surface. In this condition it was placed in bottles 
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provided with tight-fitting corks. Crystals separated as the 
liquid cooled. These were recrystallized, and then dissolved 
for use. The specific gravity of their solution equalled 
1°1800, 

Experiments.—(1) To a chloride solution of gold contain- 
ing 0'1446 gram of metallic gold, were added 10 cc. of sodium 
sulphide (Na,S), and 100 cc. of water. The electric current. 
allowed to act upon this mixture, gave 2°6 cc. OH gas per 
minute. The time of precipitation extended through the 
night. 

The deposit of metallic gold weighed 01446 gram. It 


“was bright yellow in color, and very adherent. Water 


alone was used to wash it. The drying was done upon a 
warm iron plate. 

(2) In this experiment the same quantity of gold was 
present as in the first trial. The volumeof sodium sulphide 
did not exceed 20 cc., while the total dilution of the electro- 
lyte was 100 cc. The current gave 2°6 cc. OH gas per 
minute. The metallic deposit was bright in appearance, 
firm and adherent. Itweighed 0'1446 gram. The precipita- 
tion was complete in five and one-half hours. 

The depositions of metal were made directly upon plati- 
num. The gold was removed by covering it with a dilute 
solution of potassium cyanide, allowing the latter to remain 
for several hours in the dishes. When desired, the gold 
deposit can be very speedily removed by connecting the 
dish with the anode of a baitery, and employing a platinum 
rod, which dips into the solution, as cathode. Platinum 
will not dissolve if feeble currents are used. 

The results, given above, leave no doubt as to the appli- 
cability of this method in the estimation of gold. 

Subsequent efforts were directed to its separation from 
other metals. As antimonycan be deposited from a sodium 
sulphide solution by a current giving 1°5-2°0 cc. of OH 
gas per minute, I made no attempt to separate it from gold. 
The separation of gold from tin was much desired. Numer- 
ous trials were made. The results, however, were unsatis- 
factory. The gold was, in all instances, precipitated, but it 
carried down with it from one to three per cent. of tin. 
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The sodium sulphide, in these separations, showed a specific 
gravity of 1°21. An additional gram of sodium hydroxide 
was introduced into the electrolyte for every centigram of 
metallic tin present. The current did not exceed 1°5 ce. of 
OH gas per minute. The dilution with water was 100 cc. 
While these conditions were exactly analogous to those in 
which antimony is separated from tin, they failed in the 
case of gold and tin. 

Gold from Arsenic.—(1) The solution electrolyzed con- 
tained 0°1446 gram of gold, as chloride, 20 cc. of sodium 
arsenate solution (= 0'15920 gr. metallic arsenic), 60 cc. 
sodium sulphide, and 100 cc. of water. The current gave 
1:2 cc. OH gas per minute. It ran through the night. The 
washed and dried deposit of gold weighed 0°1443 gram. 

(2) With conditions similar to those in (1) the gold 
weighed 0°1446 gram. 

Gold from Molybdenum.—{1) 01437 gram of gold, as 
chloride, 0°1500 gram molybdenum, as ammonium molybdate, 
40 cc. of sodium sulphide, and 120 cc. water were exposed 
to the influence of a current giving 07 cc. OH gas per 
minute. The time of deposition was twelve hours. The 
gold weighed 0°1430 gram. 

(2) 011178 gram of gold, as chloride, 0°1200 gr. of molyb- 
denum, 30 cc. of sodium sulphide (sp. gr. 1°12), and 100 ce. 
of water were electrolyzed with a current giving 2 cc. OH 
gas per minute. 

The precipitated gold weighed 01172 gram. The current 
acted ten hours. 

Gold from Tungsten.—(1) 0°1437 gram of metallic gold, as 
chloride, o°1500 gram of tungsten, as ammonium tungstate, 
20 cc. sodium sulphide (sp. gr. 1°17), 2nd 100 cc. of water, 
gave 01440 gram gold, when electrolyzed with a current 
generating 1 cc. of OH gas per minute. The precipitation 
required twelve hours. 

(2) In this trial o-1440 gram of gold was found. The 
conditions were analogous to those of (1). 

The gold deposits in all of the separations were bright 
and compact. The same manner of washing and drying 
was pursued as in the first determination of the metal. 
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Gold was never discovered in the liquid removed from 
the deposit. 


Qualitative trials proved that the separation of gold 
from vanadium, under conditions similar to those alread, 
mentioned, was also possible. 


CHEMICAL LABORATORY OF THE UNIV. OF Pa., 
PHILADELPHIA, February 13, 1891. 


PROCEEDINGS 


OF THE 


ELECTRICAL SECTION, 


OF THE 


FRANKLIN INSTITUTE. 


[ Proceedings of the first stated meeting of the Electrical Section, held Tues- 
day, February 24, 1891.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, February 24, 1891. 
Prof. Epwin J. Houston, in the chair. 


The stated meeting of the Section was held this evening, at 8 o'clock. 

There were present: Messrs. Billberg, Davids, C. Hering, H. Hering 
Houston, Hoadley, McDevitt, Pemberton, Pike, Rondinella, Salom, Spangler 
Wahl, Winand, and fifteen visitors. 

The minutes of the special meeting for organization, held Saturday 
Janvary 3Ist, were read and approved. 

The following communications were presented : 

By Mr. Wm. McDevitt—On some dangers of electric lighting. _Dis- 
cussed by Messrs. C. Hering, Houston, Billberg, Salom, and the author. 

By Mr. C. Hering—On a new standard cell. Discussed by Messrs. 
Hoadley, Perkins, Pike, Houston, H. Hering, and the author. 

By Mr. C. W. Pike—On a new accumulator. Discussed by Messrs. C. 
Hering, Salom, and the author. 

By Prof. H. Hering—On the effect of atmospheric pressure on batteries. 
Discussed by Messrs. Pemberton, Houston, C. Hering, Wahl, Spangler, Pike, 
and the author. 

On motion of Prof. Rondinella, the remaining papers on the prograzame 
were postponed until the next stated meeting, in order to permit of the 
transaction of routine business. 

The consideration of the by-laws, provisionally adopted at the special 
meeting of January 31st, was firsttaken up. The secretary read the regula- 
tions, which were thereupon considered section by section, and after suffer- 
ing a number of amendments, were adopted as a whole. 
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Nominations for officers were then made, as follows: 

For president—Prof. Edwin J. Houston. 

“ vice-presidents—Messrs. C. Hering and Pedro G. Salom. 
‘* secretary—Prof. L. F. Rondinella. 

“ treasurer—Dr. Wm. H. Wahl. 

“ conservator—Dr. Wm. H. Wahl. 

The secretary fro /em., was directed to cast the ballot of the meeting for 
the foregoing nominees, which accordingly was done, and the chairman fro 
tem., declared them to be the officers of the section for the current year. 

Mr. C. Hering moved a suspension of the rules, in order that the next 
stated meeting might be somewhat deferred. Carried. 

The same member moved that the next stated meeting be held on Tues- 
day, March 1th. Carried. 

The president thereupon named the following members to serve upon the 
committee on admission of members, viz: Messrs. C. Hering, H. Hering, 
Billberg, Pike, Salom, Rondinella and Wahl. 

Adjourned. Wma. H. WARL, 

Secretary pro tem. 


[ Proceedings of the stated meeting, held March 10, 1891.| 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 10, 1891. 


Prof. Epwin J. Houston in the chair. 


Present: Twenty-three members and visitors. 

The minutes of the previous meeting were read and approved. 

The treasurer reported that copies of the section's by-laws had been 
printed, and that the necessary stationery and supplies had been obtained for 
the secretary and treasurer. 

The committee on admissions reported the following elections: To 
regular membership, Messrs. John Hoskin, T. Carpenter Smith, David 
Pepper, Jr., H. W. Bartol, F. J. Firth, Craig R. Arnold, Fred’k H. Colvin and 
Alex. J. Whittingham ; and to associate membership, Messrs. D. S. Ritten- 
house, Wm. McClellan and H. Allen Higgins. 

Mr. R. W. Davids presented a paper on “‘ A new form of megohm resist- 
ance.” 

There was discussion upon this standard and others of the same type by 
Messrs. Pike, Wahl, Houston, C. Hering, and Billberg. (Referred for publica- 
tion.) 

Dr. Wm. H. Wahl gave “‘A résumé of recent developments in the manu- 
facture of aluminium,” in which he briefly traced the improvements of the 
past five or six years in both metallurgical and electro-chemical methods, 
and instituted a comparison between these two types of processes with the 
view of estimating the possibilities of each in the future cheapening of the 
cost of producing the metal. His remarks were illustrated by lantern slides” 
of the principal methods of manufactures, and were discussed at some length. 
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There was also considerable discussion respecting the recommendation 
by a committee of the American association for the advancement of science 
of the word “ aluminwm"’ for the name of the metal, Prof. Houston speaking 
strongly in favor of the retention of the name “ aluminzwm,”"’ as being more 
in harmony with the nomenclature of the other metals, calcium, indium, 
magnesium, potassium, etc. 

The meeting then adjourned. L. F. RONDINELLA, 

Secretary. 


A NOTE on SOME DANGERS 1n_ ELECTRIC 
LIGHTING. 


By Wm. McDevitt. 
Inspector of the Philadelphia Board of Fire Underwriters. 


[Read at the stated meeting of the Electrical Section, held February 24, 1891.| 


After several years of experience in noting the dangers 
occurring in the use of electric lighting, it has been clearly 
demonstrated that in nearly every case the accidents 
resulted through ignorance both on the part of the work- 
men engaged in installing the wires and the lessee to 
whose care the new apparatus was entrusted. 

These practical illustrations served as valuable lessons 
to those who witnessed them, more especially to the work- 
men, whose education in the business consisted merely in 
following plans laid out by the contractor. 

Although the introduction of electric lighting has rapidly 
increased in our city, its use has been comparatively free 
from accidents, proving that most of the inherent dangers 
have been controlled, leaving but few features that require 
the attention of inventive minds to overcome. The most 
important of the existing defects is that relating to fusible 
connections, as the innumerable variety of alloys used for 
fuse metal is very misleading and is still an element of 
danger. Some of these compositions possess the properties 
of good electrical conductivity and are slow to heat; other 
compositions are of a character exhibiting weakness when 
heated, resulting in annoyance from continuous breaks and 
offering temptations (as has been found) to use ordinary 
wire in the absence of proper fuses. 
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Another universal danger in electric lighting results 
from the want of some uniform or more ready method of 
perfecting splices or joints in conductors. Some workmen 
ire in the habit of making loose copper unions, leaving the 
solidity of the joint dependent on solder, which, being a 
metallic cement, is liable to be fused by a possible heavy 
short-circuit occurring on the line, thus melting the solder 
ind leaving a loose connection. 

Probably the most alarming danger exists through 
the possibility of lightning being conducted into houses 


lighted by electricity where the latter is supplied by aérial ° 


wires. The existence of this danger has been demonstrated 
where the house wires are attached to gas fixtures, offering 
. ready path for the lightning, which, in leaping from the 
charged wires to the gas pipes, carries the electric light 
current across, forming an arc, which pierces the pipe, and 
where gas is present, it will be ignited, causing a steady 
blaze. If this accident should occur near the ceiling, the 
building would be endangered. 

With the rapid introduction of new appliances in elec- 
trical science, it may reasonably be expected that the 
defects above-mentioned will be overcome in the near future. 


A NEw ACCUMULATOR PLATE. 


By C. W. PIKE, 
Instructor in Electrical Engineering, University of Pennsylvania. 


| Read at the stated meeting of the Electrical Section, January 24, 1891.) 


While in Lowell, Mass., last year, a temporary craze upon 
the subject of storage batteries took almost complete pos- 
session of the town. The result of this was the production 
of several so-called new storage batteries. In reality, there 
was no attempt to produce a new type of accumulator, 
either by making use of new solutions or new metals. The 
sole novelty was in the form of the plates. 

The inventors had but one object in view, namely, to con- 
struct a plate of such form that the active material would 
Vou. CXXXI. 
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not be dislodged from the cavities in which it was hel: 
even by a severe shock or jar. Weight troubled them little. 
high discharge rate and large capacity less; and efficienc\ 
not at all. In spite of this, the results obtained by two 0: 
the inventors, Messrs. Bradbury and Stone, were not bad. 
Two forms of plate were devised by these gentlemen, «: 
which the first is very curious in its construction. Ea 
plete consists of a number of elements, and each element 
made by bending two strips of !cad into what most of t 


OOOO 


Fic. 1. 
children, especially among the Germans, call a Jacob's 
ladder. (Fig. 7.) 

This is then warmed and pulled in the direction of its 
length, taking care not to allow it to become twisted. When 
thus pulled out it has a number of interstices, into which 
active material can be piaced. By placing several of thes« 
elements side by side and melting contiguous points 
together, a complete plate is formed, which is further 
strengthened by winding a lead strap around its perimete: 
and melting points of the plate toit. On looking at th 
completed plate, it will be seen that every interstice on on 
side of the plate is con- nected to another on thi 
opposite side of the plate, so that the active mat 
rial, when put on, will con- sist of plugs of the shay. 
seen in Fig. 2, so that the: Fie.2. plug, as a whole, could 
not by any ordinary means be dislodged. 

This form of plate has the advantage of large surface of 
active material and a fairly large ratio of weight of active 
material to weight of supporting plate, but the cost of mak- 
ing such a plate would more than overcome any advantages 
which it might have over ordinary forms of grid. 

Realizing this, the inventors devised another form, made 
by bending lead strips over sticks of wood square in section, 
into the shape shown by Fig. 3. The first strip started from 
the top of the wooden stick, while the second strip started from 
the bottom of the stick; the third started from the top and 


April, 1891.] Electrical Section. 307 


the fourth from the bottom, and so on. The plate, when 
completed, looked on either side like a checker-board: lead 
forming the black squares and the uncovered portions of 
the wooden strips the white squares. The strips were then 


JU ULL 


FIG. 3. 


withdrawn and the plate strengthened, as in their first plate. 
This form of plate, though cheaper in construction than the 
former, was yet costly; so that they devised a mould, by 
which they were enabled to cast the plate entire. (/ tg. 4.) 
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These plates before being filled are treated for a little 
while like a Planté, with a view to making the active 
material adhere strongly to the plate. The positives are 
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then filled with red lead, and the negatives with litharg: 
The active material can be put into the plates in three ways 

(1) As a paste. 

(2) As a powder, forced in under pressure. 

(3) By pressing the oxides into sticks and driving these in. 

I have suggested another method, namely, casting th: 
plates around these sticks, virtually using them for a part 
of the mould. , 

Each plate has a lug cast 
on its top, and the plates of 
similar polarity are connected 
together by a lead strip cast to 
these lugs. (/ig. 5.) On the 
top of this connecting strip is 
also a lug, of the shape of a 
truncated cone, which serves to 
connect one cell to the next by 
means of a connector, of the 
shape shown in fig. 6. This 
device is extremely simple and 
convenient, but, like all con- 
nectors, requires watchfulness 
in order to secure good con- 
tact. 

Lil On looking at this plate it 
FIG. 5. seemed to me that it would 
accomplish very thoroughly the object for which it was 
designed, namely, to hold the active material in. Also 
that it would not buckle even when a very strong current 
was sent through it. Both of these opinions I have since 
found to be verified ; the cells enduring an immense amount 
of jarring and short-circuiting without perceptible injury. 

My impressions in regard to other points were less 
favorable. Of the total weight of a filled plate, but thirty- 
eight per cent. is active material; and of the total surface of 
the plate exposed to the electrolyte, but thirty per cent. is 
active material. Further, the plates are so thick that the 
inner portion of the active material will not be acted upon 
when the cellis rapidly discharged, since the outer portion 
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which has changed from lead peroxide to lead sulphate pre- 
vents fresh sulphuric acid from permeating as far as the 
peroxide inside with sufficient rapidity to keep up the 
electro-motive force of the cell. 

These considerations led me to believe that the internal 
resistance would be rather high, and its storage capacity and 
efficiency low, unless a low rate of charge and discharge was 
used. 

Until recently the only tests made on this cell were by a 
gentleman in Sioux City, who obtained from cells, of which 
the dimensions were 5 x 8 x 8 inches, and the weight 
thirty-four pounds each, a storage capacity of 100 ampére- 
hours and a “quantity efficiency” of seventy-six per cent. 
with a charging and discharging current of about ten 


Fic. 6. 


ampéres. The real efficiency, or the energy taken out 
divided by energy put in, was not stated by him. 

The cell which I received from Messrs. Bradbury and 
Stone, was the worst which they had on hand, having 
been short-circuited for hours at a time, and having been 
allowed to stand with the solution partially evaporated. 
Consequently the plates were quite badly sulphated, and | 
did not have sufficient time to get them in first-class con- 
dition. 

The instruments used were a Weston voltmeter reading 
to five volts and a Weston ammeter reading to twenty-five 
ampéres. The test for resistance of the battery, made by 
the current and potential galvanometer method, gave, as 
was expected, a rather high result, varying from ‘o11 to ‘016 
ohms. 

The next test was to ascertain whether it would give 
a current in excess of its normal current for any length of 
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time. It was found that it would give twenty-five ampéres 
for, at least, one hour. The next test was to determine 
the capacity and efficiency under different conditions. 

The method of testing was as follows: 

Discharge the cell at the desired rate till the P. D. was 
18 volts. Immediately charge at the desired rate reading 
volts and ampéres until charged. Note the duration of 
charge, and compute the ampére-hours A H and the watt- 
hours WH. As soon as charged, immediately discharge at 
the desired rate, reading as before; and compute ampére- 
hours 4’ 7’, and watt-hours W’ #7’. 


A’ H' a 
7H = Wantity efficiency 


dhe: ee al effic: : 
wy = rea efhiciency 


under the conditions of the test. 
The result of three tests is as follows: 


Average charging Average discharg- Ampére-hours Quantity effici- Real efficiency 
current ing current taken out ency, per cent per cent 


They show, as with any cell, the gain in using low rates 
of charge and discharge ; but beside this they show that this 
cell is very inefficient at a rate above ten ampéres. 

After the first test the cell was left open-circuited for 
twelve hours, after which twelve ampére-hours were taken 
out before the P. D. reached 1°8. After a further rest of 
three hours, six ampére-hours were taken out. ‘This recov- 
ery, found in all cells, as was expected, is very much exag- 
gerated in this cell on account of the thickness of the plates, 
and the cells would, in an installation where the work was 
intermittent, give results considerably better than is indi- 
cated by the table above. In all probability the capacity, 
efficiency and rate of discharge would be improved by mak- 
ing the plates thinner. 
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in the following table I have made a comparison of the 
different makes of cell as regards storage capacity, weight 
and volume. Not having weight and volume of the plates 
themselves at hand, I have been obliged to use the weight 
and dimensions of theentire cell. It will be seen that as 
regards the volume per ampére-hour, it compares favorably 
with the others, but in respect of ampére-hours per pound it 
is deficient. 


impere-hours per Cubic inches per 

pound of ceil, ampére-hour, 
CE Peery OT 2°86 4°44 
re. kk te ee 1°85 4°44 
DY, 6) 3g 9a oh oy ace Sc ee 2°65 4°63 
E.P. Ss. § ee ae ae Ig! 7°06 
ST Rw my CE aes 2°26 5°53 
Ne ee oe ee eT rarer ee 2°81 4°33 
RS A igs nerte: fica ia 2s fe vie cm. oe 300 4°85 


It is probable that a cell with this plate better designed 
and in better condition, would give results much more 
comparable to the others as regards efficiency, capacity and 
lischarge rate, while it would surpass many of them in 
lurability, and I hope at some future time to present to 
the section the results of some tests upon such a plate. 


A NEW FORM or MEGOHM RESISTANCE. 
By RicHARD W. Davips 


| Read al the meeting of the Electrical Section, held March 10, 1891.) 


The instrument of which this paper treats is not new 
entirely, but has been used for some years in England toa 
limited extent, so that the title refers mainly to its intro- 
duction in this country. 

It is designed to take the place, at a small cost, of expen- 
sive and cumbersome wire resistances having approximately 
equal values, or the use of varying shunts, different electro- 
motive forces and the wire resistances in ordinary use in 
measuring commercially the insulation resistance of cables, 
iir lines, ete., by means of proportional deflections on a 
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sensitive galvanometer. The resistance of these boxe: 
varies from one to five megohms, although these limits ar 
not necessary, so that they may be had of resistances approx 
imating to those which are met in every-day use. 

So far as it is known to the writer’the construction is 
follows: On an etched glass plate of some 4x 6 inches ; 
pencil line is drawn resembling a sjnusoid; experienc: 
teaching to a small degree, however, its breadth and length. 
The pencil used is probably an ordinary lead, or rather 
graphite pencil, of a hardness found empirically to give the 
best results; this line is burnt into the plate most likely 
with the use of a flux; this operation must be done slowly, 
and takes some time. After a rough test for resistance to 
find if it is within the range sought, it is mounted in a block 
on springs to take up jars and make connection with the 
ordinary tall binding posts of apparatus needing high 
insulation. 

There is no attempt made at adjusting these boxes: the 
plates are made and measured, any that are too high or too 
low being rejected, the surfaces being ground off and made 
over again. In this way a comparatively cheap instrument is 
obtained. They are not laboratory instruments, but designed 
to meet the want of every-day line and cable testing, where 
speed and not great accuracy is desirable. 

A somewhat similar instrument for laboratory work con- 
sists of a plate of unglazed porcelain, or even a sheet of paper, 
having pencil marks made on it; connection being made by 
means of springs resting on these marks. The objection 
found in these forms is that a breath of wind or jar may so 
change the contacts of the graphite particles as to seriously 
alter the resistance. 

Some twenty of these boxes were brought to the writer 
for calibration, and the question arose as to the best way to 
measure them accurately and quickly. The first method 
tried was with a Thomson reflecting galvanometer, find- 
ing its constant with the one-ninety-ninth shunt, and 
sufficient resistance to give nearly the same deflection as 
with the meg and no shunt, using in both cases forty cells 
of chloride of silver battery. 
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As checks, other measurements were made using no 
shunts, and varying the electro-motive force; and also the 
bridge method. It is fortunate that there were two boxes of 
100,000 ohms each at hand, as the second and third terms of 
the proportion, for with these calibrated in terms of a standard 
box which was the first term, it was possible to determine 
accurately the meg, the fourth term. 

It was disappointing to find that the checks did not 
check, the figures obtained by the shunt method being much 
out. As the shunts were found to be practically correct, it 
could not be due to them, and on repeating the measure- 
ment with accumulators, the discrepancy disappeared, show- 
ing that the silver battery, even with small currents, 
polarizes. Everything seemed to go nicely now, perfect 
faith being reposed in the bridge method, when, in order to 
get a closer balance, the battery was considerably increased, 
with the disheartening result that it appeared that the resist- 
ance depended on the current used. This change was very 
small—less than one per cent.—and negligable in practice, but 
it seems to show that with such small currents as jg yyy Of 
an ampére, appreciable change takes place, perhaps from 
heat, directly or indirectly. 

It was an interesting point that the heat developed in such 
a box would raise one-sixteenth of a grain of water 1° C. in 
one minute. Supposing the resistance to be due to the 
imperfect contact of two adjacent molecules of carbon, the 
rise in temperature given could scarcely be enough to 
change the resistance. 

It has been stated that change of temperature from 0° to 
40° C, makes a difference of less than one per cent. in the 
value: also, that boxes made some years ago are practi- 
cally the same now. ‘ 

The use of the instrument was shown in one of the checks 
used. This was to find the comparative resistances of the 
various boxes by direct deflections, varying nothing but 
these with the megohms. With avery portable and accv- 
rate d’Arsonval galvanometer, the other boxes were checked 
rapidly; this was in effect measuring them, taking it for 
granted that any one was right. 
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In measurements on the street or in other places where 
it is difficult to set up and use an ordinary reflecting 
galvanometer, resistance boxes, different batteries, etc., all 
that would be necessary to get a very close measurement 
would be such a galvanometer, a suitable battery and such 
a megohm resistance. ' 


BOOK NOTICES. 


Lectures on the electro-magnet. By Silvanus P. Thompson, D.Sc., B.A., 
F.R.A.S. The W. J. Johnston Company, limited, New York. 18o1. 
280 pp. 75 illustrations, 1otables. Price, $1. 

No electrical book that has recently been published has been so welcomed 
and has been in such demand by electricians desiring practical directions for 
calculating and designing electro-magnets, as this most recent of the John- 
ston Company's publications. 

Calculations concerning electro-magnets have been attended with much 
difficulty and considerable uncertainty until within recent years, owing to the 
lack of reliable data :educed to such shape that the average electrician can 
use it. Magnets for special purposes have usually been designed by means of 
repeated experiments and reconstructions; that course being preferable to 
very long, tedious and ever uncertain calculation, which, in most cases, 
could not have been performed by the average designer of electro-magnets. 

Researches in magnetism were deferred during the time when all atten- 
tion was given to the production and application of electricity on a commer- 
cial scale, and to devising practical rules and methods of calculation. The 
lack of data concerning electro-magnets was severely felt, and it considerably 
hindered progress and the construction of efficient apparatus. Magnets for 
special purposes were usually guessed at and modified by proportion and 
experiment, and many were the dynamosand other apparatus using electro- 
magnets, whose failure or inefficiency was due to a lack of knowledge of the 
laws of magnetism. 

A few years ago the current of investigation was, however, turned 
towards the principles of electro-magnets, in the desire to formulate the laws 
and furnish the much-needed data wherewith the work of magnets could be 
guided. Rowland’s law of the magnetic circuit and Maxwell's law of traction 
were the bases of operation, and though much valuable information has 
appeared in the journals, no summary of a tolerably complete character 
had been published. 

Prof. Thompson in his efforts to supply this great need, conducted a most 
thorough search through all the old and new English, French and German 
publications for records of reliable experiments and data about electro- 
magnets, and after coliecting them and drawing his conclusions, added to 
them the result of numerous and original experiments of his own and pre- 
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sented them before the Society of Arts, London, in the form of four lectures, 
which constituted one of the sets of Cantor Lectures of the session, 1889- 
1890. These lectures were reprinted in the Electrica/ World during the past 
winter, and have now been issued in book-form, with some additions and 
revisions by the author. 

With indefatigable labor, Prof. Thompson succeeded, by means of tables 
ind simple formulz, in reducing the calculations concerning electro-magnets 
to such practical shape, that the calculation of a magnet, to develop a 
definite number of lines of force, or to exert a pull of a definite number of 
pounds, is now a comparatively simple matter to a person possessing fair 
mathematical ability. 

The first lecture contains, as is usual with Prof. Thompson, an “ historical 
sketch’ of electro-magnets, in which many of the famous magnets of the 
early days are described as well as many of the experiments made with 
them. The typical forms of magnets are briefly described next, and then comes 
4 very clear and interesting discussion ot the magnetic properties of iron 
and the methods of measuring permeability. A shop method of roughly 
estimating the permeability of iron by means of the “ permeameter "’ devised 
by Prof. Thompson, is given and seems well suited to that purpose, as many 
of the objections to other methods are avoided. The lecture closes with a 
short and clear presentation of the phenomenon called ‘‘ Hysteresis,"’ and an 
interesting and instructive list of ‘* Fallacies and facts about electro-magnets,” 
many of which will astonish and surprise any one on first reading. 

The second lecture is devoted chiefly to the general principles of design 
and construction. The principle of the magnetic circuit and the deduction of 
the formula is discussed in a very lucid way. The law of traction is developed 
and simple rules and formule with valuable tables and practical points are 
given, making the calculation of magnets for specific tractive force a compara- 
tively simple matter. Then follows a discussion of the action of magnets at 
a distance from the armature, with and without pole pieces, and also the 

juestion of leakage and the reluctance of the air space between the poles ; 
so that magnets for definite action at a distance can readily be approximated 
with considerable accuracy. 

An appendix to the lecture contains a résumé of the calculations of the 
excitation and leakage of magnets, giving the rules and directions in a com- 
pact form. 

The third lecture takes up the question of the winding of magnets. 
Many common-sense directions and suggestions are given and also a wire 
gauge and ampérage table which will prove of great value to the designer of 
magnets. Unfortunately, however, it is calculated for the S. W. G. and not 
for the American gauge, and though the nearest B. & S. gauge is given, it is 
only a very rough approximation and will not do for accurate work. It is 
unfortunate that this table was not re-calculated and adapted to the B. & S. 
gauge throughout, as that would have made it far more valuable. A re-calcu- 
lation of this table recently appeared in the Evectrical World, but it is so full 
of mistakes that it is useless. The points given here about calculating the 
windings for magnets are very good and will prove very useful. 
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Next comes a discussion of special forms of electro-magnets ; the effect o! 
variation of the shape, size and position of cvils, etc., are taken up and then 
the design of electro-magnets for special purposes, such as quickest action, 
longest range, etc. 

Lecture four, is devoted to electro-magnetic mechanisms and gives the 
principles and practical directions for calculating magnets, whose cores o1 
armatures are to have definite motions. 

Altogether this little book contains a store of information of just the kind 
that is needed, and designers of magnets of all kinds will heartily welcome it, 
as one of the most useful and surely the cheapest of the electrical books ever 
published. H.S. H. 


History of the American piano-forte: \ts technical development and the 
‘ trade. 12mo. By Daniel Spillane. New York: D. Spillane. 18go. 

The author has succeeded in writing an interesting as well as instructive 
work. Beginning with a description of the spinet, harpsichord, virgina and 
other primitive keyed instruments, he proceeds to the invention of the piano- 
forte by Christofori. 

All the early piano-forte makers of Europe and America are duly men- 
tioned, and their instruments described. 

Much time and trouble have evidently been taken by the writer to get the 
accurate dates, particularly of the early American patterns. 

The high repute of the pianos of Messrs. Steinway, Decker, Steck, Chick- 
ering, Knabe, Miller, Weber, and others, are justly substantiated. 

This section is followed by a description of the kindred branches—action- 
making, key-making and the manufacture of implements used in the con- 
struction of a piano—which is, of course, indispensable in a work on this 
subject. 

The whole is supplemented by a short history of musical journalism in 
America, from the founding of the American musical journad, in 1835, up to 
the present day, so rich in art journals, the press having always been closely 
identified with the piano trade. In fact, the subject is exhaustively treated, 
and nothing of real importance has been omitted. The work is dedicated to 
the Franklin Institute, in recognition of the influence of its early exhibitions 
in stimulatiog invention in this branch of the arts. L. fa. 


Studies in statistics, social, political and medical. By George B. Longstaft, 
M.A., M.B., etc. Royal. 8vo, with maps and diagrams. London: 
Edward Stanford. 1891. 

This large and attractive volume gives evidence of much care and 
expense. The data are chiefly from the general registry office, London, but also 
from other sources inaccessible to most of the public. Among the valuable 
studies are: birth, death and marriage rates in England and Wales for 
fifty years; growth of population of Engiand ; migrations of peoples ; growth 
of new nations (the United States, Canada, South America, South Africa and 
Australia). All of these four and others in the work are illustrated by hand- 
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some diagrams. As there are sixty-one pages devoted to the growth of the 
United States, this alone should recommend the work to Americans. 

A chapter on increased population of modern cities, of course, brings in 
many Statistics respecting London and other cities, especially their food supply, 
etc. There are many valuable data on the death rates, rise, continuation and 
decline of various diseases, while the causes and relative prevalence of some 
of them are examined. One notable subject admirably treated, and hav- 
ing numerous tabulations, is the recent decline in the English death-rate, con- 
sidered in connection with the causes of death. It is to be regretted, however, 
that this article, excellent as far as it extends, is not made up to 1890, inclusive, 
but only to 1884. 

The volume contains thirty maps and diagrams (most of them colored;, 
intended to aid the various subjects; and suggestions for the census and 
tabular data of various diseases are not the least among its excellencies. 
The author may well be congratulated on his successful application of a 
“hobby” to public education in statistical matters. Evidently he is an 
enthusiast on figures and data; but only such persons can compile works of 
value in this department. As the “ studies”’ discuss subjects interesting to 
insurance men, physicians, attorneys-at-law and students of economics in 
general, it is to be hoped that the author will receive due reward for this effort. 

N. 


Triple-expansion engines and engine trials. By Prof. Osborne Reynolds. 
Edited by T. E. Idell, M.E. New York: D. Van Nostrand Company. 


1890. pp. Ig!. 18mo. 

This little book, which forms No. 99 of Van Nostrand's well-known “Science 
Series,” is practically a reprint of Prof. Osborne's paper, read before the I nsti- 
tution of Civil Fngineers, December 10, 1889, and published in vol. xcix of 
its proceedings, with an abstract of the discussion upon the paper. 

It is exceedingly interesting, and places in a convenient form the methods 
and results of a series of observations which in themselves are well worth 
studying. The paper is a statement of the reasons for designing the engine 
of the Owens College laboratory in an unusual way, and contains a descrip- 
tion of the engines and of numerous trials made with them. A short 
description of the engines may be interesting. The cylinders are 5 x 10, 
8x10 and 12x 15, and are arranged so that they can be worked as a triple- 
expansion condensing engine; as a corapound condensing engine ; or as a 
compound non-condensing engine; as a simple condensing, or as a simple 
non-condensing engine. Steam jackets can be used or not as desired. 
Large ports are provided and Meyer valves used, and the speed of the engines 
can be varied to 400 revolutions, and they can be worked with 200 pounds of 
steam. Each engine is arranged so that the work done by it can be 
absorbed in a Froude brake, ingeniously modified to fit the particular condi- 
tions. Each engine was allowed to run at the speed suited for using all the 
steam, and the cards were combined in such a way as to show the volume 
occupied by a given weight, say of one pound of steam in its passage through 
the cylinders. The latter half of the book istaken up with the discussion on 


+ = ae 


: 


a . " te . 
Ee EE oe oe + hee See eet 


ee ee ee es * 


a ed 


i 
t 


hf 
Ee 
;. ; 
i 
if 
ik 
| 
Ve 
it 8 
y 
i 


318 Proceedings, etc. J. F. 1. 


the paper, and about all the inaccuracies in the methods used are pointed 0): 
by Mr. E. A. Cowper, Prof. Unwin, Mr. W. W. Beaumont, Mr. Bodmer, 
Thorneycroft, Mr. Willans and others. The paper is well calculated to giv: 
the reader something to think about. H.W.S 


Sewage disposal works.—A guide to the construction of works for the pre 
vention of the pollution by sewage of rivers and estuaries. By \\ 
Santo Crimp. Philadelphia: J. B. Lippincott & Co. 1890. 

The area of England is nearly the same as the area of the state of Georg 
while its population is nearly one-half that of the entire United States 
Numerous commissions have been appointed, and numerous acts of parlia 
ment have been passed, for the purpose of preventing the contamination o 
the water supply of the cities of the kingdom by the sewage flowing from 
them. The volume before us presents the latest results obtained in the 
efforts made to improve the sanitary condition of this thickly populated 
country. Mr. Crimp’s book is an octavo of over 250 pages, with numerous 
tabular statements, and is well illustrated by figures in the text, as well as by 
thirty-three lithographic plates drawn to scale. It is essentially a practica) 
treatise, giving the actual working methods of sewage purification in thirty- 
three towns; a chapter being devoted to each town, Full particulars are 
given in each instance; such as the population of the given locality ; dail; 
flow of sewage; area of purification plant; methods of purification ; cost of 
erecting plant; cost of working the process, as well as elaborate descrip- 
tions of the various methods of precipitating, settling and filtering the sewage. 
It may be of interest to state that of the various chemicals employed milk 
of lime, with or without the addition of a crude sulphate of alumina, seems to 
be the cheapest and most efficient, and is, therefore, most widely used. 

This book should have a wide sale in this country. It treats of questions 
relating to public health, to which we shall soon have to give our caretu) 
attention. It will be particularly valuable to all sanitary engineers, and to 
municipal officials who have in their care the sanitation of our cities. 

P. 


Franklin Institute. 
[Proceedings of the stated meeting, held Wednesday, March 18, 1891.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, March 18, 1891. 


Jos. M. WILSON, president, in the chair. 
Present, 126 members and thirteen visitors. 
Additions to membership since last report, twenty-two. 


The actuary submitted the following extract from the minutes of the 
stated meeting of the board of managers, held March 11, 4891, viz: 
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“WHEREAS: The institute, at its stated meeting, held February 18, 1891, 
requested that the board of managers would express its opinion as to the 
advisability of the adoption of an amendment to article VI of the by-laws 
of the institute, offered by Mr. Wm. B. LeVan, viz: the addition thereto of a 
fourth section, to read as follows : 


SECTION 4. No member shall be eligible for re-election to the office of manager, 
or be a candidate therefor, while he is filling such office, nor sooner than twelve 
months after the expiration of his term of office. 


Therefore, Resolved, that the board of managers has considered the 
amendment proposed, and inasmuch as, of the thirty members of the board, 
twelve are nominated by the institute and elected annually, and as the amend- 
ment proposed would deprive the institute of the services of men who have 
faithfully served the institute for many years, without any corresponding 
advantage, the board would respectfully submit that in its opinion the adop- 
tion of the amendment would not be advisable.” 

Mr. Williar. Kent, of New York, gave an oral description of the Springe: 
torsion balance, illustrating his remarks by reference to a number cf speci- 
mens of the apparatus, and with the aid of lantern views. (Referred for 
publication.) 

Mr. John R. Jones read a paper describing his method and apparatus for 
rolling tapered axles. The paper was illustrated by means of lantern slides 
exhibiting the details of the machines for rolling the tapered forms and 
straightening the same after forming. (Referred for publication.) 

Mr. S. Lloyd Wiegand described the Bacon machines for turning com- 
posite outlines in wood, to produce balusters, newel posts, and other orna- 
mental forms for architectural uses, articles of furniture, etc. The work of 
these machines was shown by a large collection of specimens, exhibiting 
many complex and highly ornate forms. The machines are remarkable for 
the extraordinary rapidity with which they are able to operate, and for the 
smoothness of the work as it leaves the machine. A baluster or newel post 
of exceedingly complicated design is turned out in less than a minute. 

Mr. Wiegand also described the Pentz boring and milling machines, and 
a universal joint used in conjunction therewith. This machine was recently 
reported upon by the Committee on Science and the Arts, and formed the 
subject of a recommendation of the John Scott legacy premium and medal. 

Mr. J. Lynwood Garrison presented for inspection a suite of specimens of 
various articles fabricated from manganese-bronze, manufactured by B. H. 
Cramp & Co., of Philadelphia. These specimens illustrated, in an instructive 
way, the strength, malleability and other valuable qualities of this alloy. Mr. 
Garrison gave a short descriptive account of the history and various applica- 
tions of this bronze. 

The secretary's report embraced an account of the highly interesting and 
important discovery by Mr. M. Carey Lea, of Philadelphia, of certain allotropic 
modifications of metallic silver. A number of specimens were exhibited, 
which showed in a remarkable way the properties of the allotropic modifica- 
tions of this metal, and their behavior towards various reagents. 
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